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PBEFACE. 


At  the  present  time,  when  there  is  so  much  difference  of  opinion  as 
to  the  clearest  mode  of  representing  the  constitution  of  chemical 
compounds  and  the  changes  in  which  they  are  involved,  the  author 
of  a  work  on  Chemistry  is  placed  in  a  difficult  position.  Fully 
realising  this,  I  should  scarcely  have  ventured  to  undertake  the 
task,  but  for  the  circumstance  that,  a  third  edition  of  "  Abel  and 
Bloxam's  Handbook  of  Chemistry"  being  required,  and  my  valued 
coadjutor  not  having  leisure  to  devote  to  its  preparation,  it  seemed 
to  me  a  favourable  opportunity  for  re-writing  the  handbook  in  such 
a  form  as  to  render  it  more  useful  to  the  general  student. 

The  present  work,  therefore,  is  designed  to  give  a  clear  and  simple 
description  of  the  elements  and  their  principal  compounds,  and  of 
the  chemical  principles  involved  in  some  of  the  most  important 
branches  of  manufacture.  Keeping  this  in  view,  I  have  employed 
as  few  technical  terms  as  possible,  especially  at  the  commencement, 
so  that  the  student  may  glide  into  Chemistry  without  having  first  to 
toil  through  a  difficult  chapter  on  the  terminology  of  the  science, 
which  he  can  never  appreciate  until  he  has  become  acquainted  with 
the  examples  which  serve  to  illustrate  its  application. 

Convinced,  by  experience,  of  the  great  assistance  afforded  to  the 
learner  by  referring  him  to  a  simple  illustrative  experiment,  I  have 
introduced,  generally  in  smaller  type,  a  description,  and  in  most 
cases  a  wood-engraving,*  of  the  experiments  which  I  have  found 
most  useful  in  illustrating  lectures,  hoping  that  these  may  prove  of 

*  These  were  drawn  by  Mr  Collings  and  engraved  by  Mr  Hart,  to  whom  T  fool  iniioh 
indebted  for  their  patient  endeavours  to  represent  faithfully  the  various  forms  of  apparatus. 
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service  in  fixing  tlie  attention  of  the  student,  and  may  assist  those 
who  are  desirous  of  performing  such  experiments  for  their  own 
instruction,  or  for  that  of  a  class. 

In  explaining  chemical  changes  by  equations,  I  have,  as  a  general 
rule,  employed  symbols  representing  combining  weights  (or  equi- 
valents), and  not  atoms,  of  the  elements.  Had  the  work  been  in- 
tended for  advanced  students,  I  should  have  hesitated  to  incur  the 
reproach  of  obstinate  conservatism,  or  of  being  behind  the  chemical 
spirit  of  the  time,  though  even  then,  which  of  the  more  advanced 
systems  was  to  be  adopted  would  have  been  a  very  formidable 
question,  for  at  present  the  different  modes  of  representing  chemical 
changes  are  almost  as  numerous  as  chemical  writers. 

When  the  atomic  or  molecular  system  of  notation  affords  a  clearer 
explanation,  I  have  endeavoured  to  give  the  student  the  benefit  of 
it,  and  this  of  course  occurs  most  frequently  in  the  de]partment  of 
Organic  Chemistry,  where  the  elements  concerned  in  the  formation 
of  compounds  are  few,  and  atomic  constitution  becomes  of  greater 
importance.  In  such  cases  I  have  represented  the  atoms  of  elements 
by  the  barred  symbols  (O,  &c.),  and  have  adopted  essentially  the 
same  atomic  and  molecular  formulai  as  have  been  employed  by  my 
colleague.  Professor  Miller,  in  ^he  later  editions  of  his  "  Elements  of 
Chemistry."* 

In  general,  English  weights  and  measures,  and  Fahrenheit  ther- 
mometric  degrees,  have  been  employed,  as  conveying  more  clearly 
to  the  beginner  the  absolute  values  expressed,  since  the  mental 
effort  of  converting  what  must  still  be  called  the  continental 
systems,  slight  though  it  be,  might  have  the  effect  of  diverting  the 
attention  of  the  reader  from  the  chemical  question  under  considera- 
tion. The  various  calculations  have  been  conducted  in  the  simplest 
arithmetical  form,  because  the  more  compendious  algebraical  expres- 
sions are  not  so  generally  intelligible,  and  when  the  principle  is 
once  understood,  a  general  algebraical  formula  for  the  calculation 
is  easily  constructed  by  the  learner. 

The  special  attention  devoted  to  Metallurgy  and  some  other 

*  I  must  confess  myself  under  heavy  obligation  to  Dr  Miller's  splendid  volume  on 
Organic  Chemistry,  the  luminous  summaries  which  it  contains  having  IVeqnently  spared  me 
the  trouble  of  referring  to  the  original  memoirs. 
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brauclies  of  Applied  Cliemistiy,  will  render  the  work  useful  to  those 
who  are  being  educated  for  employment  in  manufacture. 

The  military  student  will  find  more  than  the  usual  space  allotted 
to  the  chemistry  of  the  various  substances  employed  in  warlike 
stores. 

In  fine,  it  has  been  my  endeavour  to  produce  a  Treatise  on 
Chemistry  sufficiently  comprehensive  for  those  studying  the  science 
as  a  branch  of  general  education,  and  one  which  a  student  may 
peruse  with  advantage  before  commencing  his  chemical  studies  at 
one  of  the  colleges  or  medical  schools,  where  he  will  abandon  it  for 
the  more  advanced  work  placed  in  his  hiands  by  the  professor.  I 
am  not  without  hope  that  this  book  may  also  be  found  useful  in 
enabling  the  student  who  has  acquired  his  knowledge  of  Chemistry 
with  the  help  of  the  older  system  of  notation  in  equivalents,  to  pass, 
should  he  deem  it  advisable,  by  an  easy  transitioD,  into  the  use  of 
atomic  symbols  and  unitary  formulae. 

C.  L.  B. 

Woolwich,  January  1867. 


*^*  In  the  following  pages,  the  smaller  type  contains  not  only 
the  descriptions  of  experiments,  but  aU  such  matter  as  would  be  of 
less  importance  to  a  student  desiring  only  a  general  knowledge  of 
the  subject  without  going  into  details. 
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INTEODUCTION. 


1.  Chemistry  describes  the  properties  of  the  different  particles  of  which 
all  kiads  of  matter  are  composed,  and  teaches  the  laws  which  regidate 
their  union  with,  or  separation  from,  each  other. 

Matter  is  anything  which  possesses  weight.  Matter  is  chemically 
divided  into  two  gi-eat  classes — elements  and  compounds. 

An  Element  is  that  which  has  not  been  found  divisible  into  more  than 
one  kind  of  matter. 

A  Compound  consists  of  two  or  more  elements  held  together  by  chemi- 
cal attraction. 

Chemical  Atteaction  is  the  force  which  causes  different  kinds  of 
matter  to  unite,  in  order  to  form  a  new  Idnd  of  matter. 

Chemical  Combination  is  the  operation  of  chemical  attraction. 

Chemical  Decomposition  is  the  separation  of  two  or  more  kinds  of 
matter  previously  held  together  by  chemical  attraction. 

_  2.  The  elements  known  at  present  are  sixty-four  ia  number,  and  are 
divided  into  metallic  and  non-metallic  elements. 

The  Non-Metallic  Elements  are  (15) 


Oxygen. 
Hydrogen. 
Nitrogen. 
Carbon. 

Boron. 
Silicon. 

Sulphur 

Selenium. 

Tellurium. 

Phosphorus. 
Arsenic* 

Fluorine. 
Chlorine. 
Bromine. 
Iodine. 

The  Metals  are  (49) 

Ccesium. 
Rubidium. 
Potassium. 
Sodium. 
Lithium. 

Barium. 
Strontium. 
Calcium. 
Magnesium. 


Aluminum. 

Glucinum. 

Zirconium. 

Thorinum. 

Yttrium. 

Erbium. 

Terbium. 

Cerium. 

Lanthanum. 

Didymium. 

Niobium. 


Zinc. 
Nickel. 
Cobalt. 
Iron. 

Manganese. 

Chromium. 

Cadmium. 

Uranium. 

Indium. 


Copper. 
Bismuth. 
Lead. 
Thallium. 

Tin. 

Titanium. 

Tantalum. 

Molybendum. 

Tungsten. 

Vanadium. 

Antimony. 


Mercury. 

Silver. 

Gold. 

Platinum. 

Palladium. 

Ehodium. 

Ruthenium. 

Osmium. 

Iridium. 


The  strict  definition  of  a  metal  wiU  be  given  hereafter. 
Many  of  these  elements  are  so  rarely  met  with,  that  they  have  not 

in  someTt"ii^pr^opertiM  "^"'"^'^  """""^  resembles 
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received  any  useful  application,  and  are  interesting  only  to  the  profes- 
sional cliemist.  Tlds  is  the  case  with  selenium  and  telluiium,  among  the 
non-metaUic  elements,  and  with  a  large  number  of  the  metals. 

The  following  list  includes  those  elements  with  which  it  is  important 
that  the  general  student  should  become  familiar,  together  with  the 
symbolic  letters  by  which  it  is  customary  to  represent  them,  for  the  sake  of 
brevity,  in  chemical  writings. 

Non-Metallic  Elements  of  practical  importance  (13). 


Oxygen, 
Hydrogen, 
Nitrogen, 
Carbon, 

0 
H 
N 
C 

Sulphur, 

Phosphorus, 
Arsenic, 

S 

P 
As 

Fluorine, 
Chlorine, 
Bromine, 
Iodine, 

F 
CI 
Br 
I 

Boron, 
Silicon, 

B 
Si 

Metallic  Elements  of  practical  importance  (26). 


Potassium, 
Sodium, 


K  {Kalium.) 
Na  [Natrium.] 


Barium,  Ba 

Strontium,  Sr 

Calcium,  Ca 

Magnesium,  Mg 

Aluminum,  Al 


Zinc, 
Nickel, 
Cobalt, 
Iron, 

Manganese, 
Chromium, 


Zn 

Ni 

Co 

Fe 

Mn 

Cr 


[Ferrum.) 


Cadmium, 
Uranium, 

Copper. 

Bismuth, 

Lead, 

Tin, 

Titanium, 
Tungsten, 
Antimony, 

Mercury, 
Silver, 
Gold, 
Platinum, 


Cd 
U 

Cu  {Cuprum.) 
Bi 

Pb  (Plumbum.) 

Sn  [Stannum.) 
Ti 

W  (Wolframium.) 
{Stibium.) 

{Hydrargyrum.) 
{Argenium.) 
\Aurum.) 


Sb 

Hg 
Ag 
Au 
Pt 


The  symbols  represent  definite  relative  proportions  of  the  elements  to 
which  they  are  attached. 

The  values  assigned  to  the  symbols  in  the  following  list  may  be  regarded 
as  representing  the  relative  weights  in  which  they  usually  enter  into  che-. 
mdcal  combination,  and  may  be  termed  combining  weights  of  the  elements. 

Hydrogen  is  taken  as  the  unit,  because  its  combining  weight  is  less 
than  that  of  any  other  known  element. 

Combining  Weights  of  the  practically  important  Elements.* 


Aluminum, 

Antimony, 

Arsenic, 

Barium, 

Bismuth, 

Boron, 

Bromine, 

Cadmium, 

Calcium, 

Carbon, 

Chlorine, 

Chromium, 

Cobalt, 


Al 

13-7 

Copper, 

Cu 

Sb 

122-0 

Fluorine, 

F 

As 

75-0 

Gold, 

Au 

Ba 

68-5 

Hydrogen, 

H 

Bi 

210-0 

Iodine, 

I 

B 

11-0 

Iron, 

Fe 

Br 

80-0 

Lead, 

Pb 

Cd 

56-0 

Magnesium, 
Manganese, 

Mg 

Ca 

20-0 

Mn 

C 

6-0 

Mercury, 

Hg 

CI 

35-5 

Nickel, 

Ni 

Cr 

26-3 

Nitrogen, 

N 

Co 

29-5 

Oxygen, 

0 

31-8 

Phosphorus, 

P 

31-0 

]9-0 

Platinum, 

Pt 

98-6 

196-7 

Potassium, 

K 

39-0 

1-0 

Silicon, 

Si 

140 

127-0 

Silver, 

Ag 

108-0 

28-0 

Sodium, 

Na 

23-0 

103-5 

Strontium, 

Sr 

43-8 

12-2 

Sulphur, 

S 

16-0 

27-5 

Tin, 

Sn 

59-0 

100-0 

Titanium, 

Ti 

26-0 

29-5 

Tungsten, 

W 

920 

14-0 

Uranium, 

U 

600 

8-0 

Zinc, 

Zn 

32-8 

*  Tlie  combming  weights  given  in  this  list,  though  sufficiently  correct  for  all  practical 
purposes,  are  not  in  all  cases  absolutely  exact.  The  small  fractions  have  beeu  omitted,  in 
order  that  the  numbers  may  be  more  easily  retained  in  the  memory. 
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Although  the  39  elements  here  enumerated  are  of  practical  importance, 
many  of  tliem  derive  then-  importance  solely  from  their  having  met  with 
useful  applications  in  the  arts.  The  numher  of  elements  known  to  play 
an  important  part  in  the  chemical  changes  concerned  in  the  maintenance 
of  annual  and  vegetable  life  is  very  limited. 

Elements  concerned  in  the  Chemical  Changes  talcing  place  in  Life. 


JVon-Meiallic. 

Metallic. 

Oxygen. 
Hydrogen 
Nitrogen. 
Carbon. 

Silicon. 

Sulphur. 

Phosphorus. 

Chlorine. 
Iodine. 

Potassium. 
Sodium. 

Calcium. 
Magnesium. 

Aluminum. 
Iron. 

Manganese. 

These  elements  wiU,  of  course,  possess  the  gTeatest  importance  for  those 
who  study  Chemistry  as  a  branch  of  general  education,  since  a  knowledge 
of  their  properties  is  essential  for  the  explanation  of  the  simplest  chemical 
changes  which  ai-e  daily  witnessed. 

The  student  who  takes  an  interest  in  the  useful  arts  wiU  also  acquaint 
hunself  with  the  remainder  of  the  39  elements  of  practical  importance 
whilst  the  mineralogist  and  professional  chemist  must  extend  his  studies 
to  every  known  element. 

By  far  the  greater  proportion  of  the  various  materials  supplied  to  us  by 
annuals  and  vegetables  consists  of  the  four  elements— oxygen  hydrogen 
nitrogen,  and  carbon;  and  if  we  add  to  these  the  two  most  abundant 
elements  m  the  mineral  world,  silicon  and  aluminum,  we  have  the  sis 
elements  composmg  the  bulk  of  all  matter. 

3.  Compound  substances  are  commonly  classified  by  the  chemist  into 
Orgame  and  Iriorganic  compounds;  and  although  it  is  impossible  strictly 
to  dehne  the  hmits  of  each  class,  the  division  is  a  convenient  one  for  the 
purposes  of  study. 

Organic  substances  may  be  defined  as  those  for  which  we  are  indebted 
to  the  operation  of  animal  or  vegetable  hfe,  such  as  starch,  sugar,  &c. 

Inorganic  substances  are  obtained  from  the  mineral  world  without  the 
intervention  of  life ;  as  common  salt,  alum,  &c. 

Organic  substances  always  contain  carbon,  generaHy  also  hydrogen  and 
oxygen,  and  very  frequently  nitrogen.  ' 
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PKOPERTIES  OF  OXYGEN. 


CHEMISTRY  OF  THE  NON-METALLIC 

ELEMENTS. 


OXYGEN. 

4  Oxygen  is  the  most  aTDimdaiit  of  tlie  elementary  substances.  It  con- 
stitutes about  one-fiftli  (by  volume)  of  atmospberic  air,  where  it  is  merely 
mixed,  not  combined,  with  the  nitrogen,  which  composes  the  bulk  of  the 
remainder.  Water  contains  eight-ninths  (by  weight)  of  oxygen ;  whilst 
sUica  and  alumina,  which  compose  the  greater  part  of  the  solid  earth  (as 
far  as  we  know  it),  contain  about  half  their  weight  of  oxygen. 

Before  inquiring  which  of  these  sources  will  most  convemently  furnish 
pure  oxygen,  it  wiU  be  desirable  for  the  student  to  acquire  some  know- 
ledge of  the  properties  of  this  element,  and  of  the  chemical  relations 
which  it  bears  to  other  elementary  bodies,  for  without  such  knowledge  it 
will  be  found  very  difficult  to  understand  the  processes  by  which  oxygen 
is  procured. 

5.  Physical  properties  of  Oxygen.— Fvom  the  fact  of  its  occurring  in  an 
imcombined  state  in  the  atmosphere,  it  will  be  inferred  that  oxygen  is 
perfectly  invisible,  and  without  odour.  It  is  a  permanent  gas,  having 
resisted  aU  attempts  to  reduce  it  to  a  liquid  or  solid  state.  Oxygen  is  a 
little  more  than  one-tenth  heavier  than  air,  which  is  expressed  m  the 
statement  that  its  specific  gravity  is  1'1057. 

(Definition.— The  S27ecific  gravity  of  a  gas  or  vajyour  is  its  weight  as 
compared  with  that  of  an  equal  volume  of  dry  and  piu-e  air  at  the  same 
temperature  and  pressure.  .  . 

In  certain  cases  it  wiU  be  found  very  convenient  to  express  this  defini- 
tion in  the  following  terms  : — 

Def.  The  specifiG  gravity  of  a  gas  or  vapour  is  the  loeight  of  one  volume 
of  that  gas  or  vapour.) 

6.  Chemical  properties  of  Oxygen. — This  element  is  remarkable  for  the 
wide  range  of  its  chemical  attraction  for  other  elementary  bodies,  mth  all 
of  which,  except  one,  it  is  capable  of  entering  into  combination.  Fluorine 
is  the  only  element  tohich  is  not  Mown  to  unite  with  oxygen.  ^ 

With  nearly  all  the  elements  oxygen  combines  in  a  direct  manner ; 
thaf  is,  without  the  intervention  of  any  third  substance. 

There  are  only  seven  elements  (among  those  of  practical  importance) 
which  do  not  unite  in  a  direct  manner  with  oxygen,  -viz.,  chJnrine,  Iromine, 
iodine,  fluorine,  gold,  diver,  platinum. 
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(Dep. — The  compounds  of  oxygen  with  other  elements  are  called 
Oxides.) 

The  act  of  combmation  with  oxygen,  or  oxidation,  like  all  other  acts  of 
chemical  combination,  is  attended  with  the  development  of  heat,*  When 
the  heat  thus  produced  is  sufiicient  to  render  the  particles  of  matter 
luminous,  the  act  of  combination  is  styled  combustion. 

(Def. — Combustion  is  chemical  combination  attended  with  heat  and 
light.) 

7.  Phosphorus,  the  only  non-metal  which  combines  with  oxygen  at  the 
ordinary  temperature,  affords  a  good  illustration  of  these  propositions. 
This  element,  a  solid  at  the  ordinary  temperature,  is  preserved  in  bottles 
filled  with  water,  on  account  of  the  readiness  with  which  the  oxygen  of 
the  air  combines  with  it.  If  a  small  piece  of  phosphorus  be  .dried  by 
gentle  pressure  between  blotting  paper,  and  exposed  to  the  air,  its  par- 
ticles begin  to  combine  at  once  with  oxygen,  and  the  heat  thus  developed 
slightly  raises  the  temperature  of  the  mass. 

Now,  heat  generally  encourages  chemical  union',  so  that  the  effect  of 
this  rise  of  temperature  is  to  induce  a  more  extensive  combination  of  the 
phosphorus  with  the  oxygen,  causiug  a  greater  development  of  heat  in  a 
given  time,  until  the  temperature  is  sufficient  to  render  the  particles 
briUiantly  luminous,  and  a  true  case  of  combustion  results — the  combina- 
tion of  the  phosphorus  with  oxygen,  attended  with  production  of  heat 
and  light. 

(Def. — Combustion  in  air  is  the  chemical  combination  of  the  elements 
of  the  combustible  with  the  oxygen  of  the  air,  attended  with  develop- 
ment of  heat  and  Hght.) 

If  a  dry  glass  (fig.  1)  be  placed  over 
the  burning  phosphorus,  the  thick 
white  smoke  which  proceeds  from  it 
may  be  collected  in  the  form  of  snowy 
flakes.  These  flakes  are  commonly 
termed  anhydrous  phosphoric  acid,+ 
and  are  composed  of  one  combining 
weight  of  phosphorus  (P=31),  and 
five  combining  weights  of  oxygen 
(O5  -  8  X  5  =  40).  This  would  be  re- 
presented by  the  formula  PO5. 

If  the  white  flakes  are  exposed  to  the  au-  for  a  short  time  they  attract 
moisture  and  become  little  drops,  which  have  a  very  sour  or  acid  taste. 
All  substances  wliich  have  such  a  taste  have  been  found  also  to  be  capable 
of  changing  the  blue  colour  of  litmus  X  to  red,  whence  the  chemist  is  in 
the  habit  of  employing  paper  dyed  with  blue  litmus  for  the  recognition  of 
an  acid.  It  must  be  remembered,  however,  that  there  are  some  acids 
which,  not  being  dissolved  by  water,  have  neither  a  sour  taste  nor  the 

*  Though  this  heat  is  not  always  perceptible  by  the  thermometer  or  by  the  senses, 
riiiis,  when  chalk  is  dissolved  in  an  acid,  no  heat  is  perceived,  because  all  the  heat  attend- 
ing the  union  of  the  lime  with  the  acid  is  consumed  in  converting  the  carbonic  acid  from 
the  solid  challv  into  a  gas.  To  explain  the  manifestation  of  heat  in  the  act  of  chemi- 
cal combination  falls  within  tlie  province  of  the  physicist  rather  than  of  the  chemist 
Modern  writers  attribute  it  to  the  motion  of  the  molecules  which  compose  the  combining 

t  Anhydrmis,  or  without  water,  from  av,  negative,  and  vSusp,  water. 
t  A  colouring  matter  prepared  from  a  lichen,  Roccella  tindnria;  the  cauRO  of  the 
change  of  colour  will  be  more  easily  understood  hcvcaffcr. 
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power  of  reddening  litmus,  so  that,  in  exact  research,  another  mode  of  de- 
fining the  acid  character  of  a  substance  is  employed.  Ordinary  sand  is 
known  to  chemists  as  silicic  acid,  but,  of  course,  does  not  answer  to  either 
of  the  above  tests. 

For  the  exact  definition  of  an  acid  see  page  9. 

During  the  slow  combination  of  phosphorus  with  the  oxygen  of  the  air, 
before  actual  combustion  commences,  the  phosphorus  unites  with  only 
three  combining  weights  of  oxygen,  forming  the  substance  called  anhy- 
drous j)hosj)horous  acid,  which  has  the  formida  PO3. 

(Dep. — TJie  endings  -ous  and  -ic  distinguish  between  two  acids  formed 
by  oxygen  with  the  same  element ;  -ous  implying  the  smaller  proportion 
of  oxygen.) 

Unless  the  temperature  of  the  air  be  rather  high,  the  fragment  of 
phosphorus  will  not  take  fire  spontaneously,  but  its  combustion  may 
always  be  ensured  by  exposing  a  larger  surface  to  the  action  of  the  air. 
As  a  general  mle,  a  fine  state  of  division  favours  chemical  combination, 
because  the  attractive  force  inducing  combination  operates  only  between 
substances  in  actual  contact ;  and  the  smaller  the  size  of  the  particles,  the 
more  completely  will  this  condition  be  fulfilled. 

Thus,  if  a  small  fragment  of  dry  phosphorus  be  placed  in  a  test-tube,  and  dis- 
solved in  a  little  bisulphide  of  carbon,  the  solution,  when  poured  upon  blotting  paper 

(fig.  2),  will  part  with  the  solvent  by 
evaporation,  leaving  the  phosphorus  in  a 
very  finely  divided  state  upon  the  sur- 
face of  the  paper,  where  it  is  so  rapidly 
acted  on  by  the  oxygen  of  the  air  that  it 
bursts  spontaneously  into  a  blaze. 

Though  the  light  emitted  by  phos- 
phorus burning  in  air  is  very  bril- 
liant, it  is  greatly  increased  when 
pure  oxygen  is  employed,  for  since 
the  nitrogen  with  which  the  oxygen  in  air  is  mixed  takes  no  part  in  the 
act  of  combustion,  it  impedes  and  moderates  the  action  of  the  oxygen. 
Each  volume  of  the  latter  gas  is  mixed,  in  air,  with  four  volumes  of 
nitrogen,  so  that  we  may  suppose  five  times  as  many  particles  of  oxygen 
to  come  into  contact  in  a  given  time  with  the  particles  of  the  phosphorus 
immersed  in  the  pure  gas,  which  will  account  for  the  great  augmentation 
of  the  temperature  and  light  of  the  burning  mass. 

To  demonstrate  the  brilliant  combustion  of  phosphorus  in  oxygen,  a  piece  not 
larger  than  a  good-sized  pea  is  placed  in  a  little  copper  or  iron  cup  upon  an  iron 

stand  (fig.  3),  and  kindled  by  being  touched 
with  a  hot  wire  (for  even  in  pure  oxygen  spon- 
taneous combustion  cannot  be  ensured).  The 
globe,  having  been  previously  filled  with  oxy- 
gen, and  kept  in  a  plate  containing  a  little 
water,  is  placed  over  the  burning  phosphorus.* 

It  will  be  observed  that  the  same  white 
clouds  of  phosphoric  acid  are  formed, 
whether  phosphorus  is  burnt  in  oxygen 
or  in  ail',  exemplifying  the  fact  that  a  sub- 
stance tvill  combine  with  the  same  pro- 
portion of  oxygen,  whether  its  combtistion 


Fig.  2. 


Fig.  3.— Phosphorus  biuuhig  in 
oxygen. 
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be  effected  in  pure  oxygen  or  in  atmospheric  air.  The  apparent  increase 
of  heat  is  due  to  the  combustion  of  a  greater  weight  of  phosphorus  in  a 
given  time.  The  total  heating  effect  produced  by  the  combustion  of  a 
given  weight  of  phosphorus  is  the  same  whether  au-  or  pure  oxygen  be 
employed. 

8.  Sulphur  (h-imstone)  affords  an  example  of  a  non-metallic  elements 
which  will  not  enter  into  combination  with  oxygen  imtil  its  temperature 
has  been  raised  very  considerably.  When  sulphur  is  heated  in  aii-,  it 
soon  melts,  and  as  soon  as  its  temperature  reaches  500°  F.  it  takes  fire, 
biu-ning  with  a  pale  blue  flame.  If  the  burning  sulphui-  be  plunged  into 
a  jar  of  oxygen,  the  blue  light  will  become  very  brilliant,  but  the  same 
act  of  combination  takes  place,  one  combining  weight  (16  parts)  of  sulphur 
uniting  with  two  combining  weights  (8  x  2  =  16)  of  oxygen  to  form  sul- 
phurous acid  gas  (SO.,),  which  may  be  recognised  in  the  jar  by  the  well- 
knoAvn  suffocating  smell  of  brimstone  matches. 

The  experiment  is  most  conveniently  performed  by  heating  the  sulphur 
in  a  deflagratiyig  spoon  (A,  fig.  4),  which  is  then  plunged  into  the  jar  of 
oxygen,  its  coUar  (B)  resting  upon  the 
neck  of  the  jar  which  stands  in  a  plate 
containing  a  little  water.  The  water  ab- 
sorbs a  part  of  the  sulphurous  acid  gas, 
and  will  be  found  capable  of  strongly  red- 
dening litmus  paper.  It  is  possible  to 
produce,  though  not  by  simple  combustion, 
a  compound  of  sulphur  with  three  combin- 
ing weights  of  oxygen  (SO3,  anhydrous 
sulphuric  acid),  showing  that  a  substance 
does  not  always  take  up  its  full  share  of 
oxygen  when  burnt. 

The  luminosity  of  the  flame  of  sulphur 
is  far  inferior  to  that  of  phosphorus,  be-         ^-Sulphurbui-ning  in  oxygen. 

cause,  in  the  former  case,  there  are  no  minute  solid  particles  in  the  flame 
corresponding  to  those  of  the  phosphoric  acid  produced  in  the  combus- 
tion of  phosphorus,  and  no  flame  can  emit  a  brilliant  light  unless  it  con- 
tains solid  matter  heated  to  incandescence. 

9.  Carbon,  also  a  non-metaUic  element,  requires  the  application  of  a 
higher  temperature  than  sulphur  to  induce  it  to  enter  into  direct  union 
with  oxygen ;  indeed,  perfectly  pure  carbon  appears  to  reqiiire  a  heat  ap- 
proaching whiteness  to  produce  this  effect.  i5ut  charcoal  (the  carbon  in 
which  is  associated  with  not  inconsiderable  proportions  of  hydrogen  and 
oxygen)  begins  to  burn  in  air  at  a  much  lower  temperature,  and  if  a  piece 
of  wood  charcoal,  with  a  single  spot  heated  to  redness,  be  lowered  into  a 
jar  of  oxygen,  the  adjacent  particles  will  soon  be  raised  to  the  combining 
temperature,  and  the  whole  mass  will  glow  intensely,  each  combining 
weight  (6)  of  carbon  uniting  with  two  combining  weights  (8x2  =  16).  of 
oxygen  to  form  carbonic  aci^l  (CO^)  gas,  which  wdl  redden  a  piece  of 
moistened  blue  litmus  paper  suspended  in  the  jar,  though  much  more 
feebly  than  either  sulphurous  or  phosphoric  acid,  because  it  is  a  much 
w;eaker  acid.  It  should  be  remembered  that  carbon  is  an  essential  consti- 
tuent of  all  ordinary  fuel,  and  carbonic  acid  is  ahoays  jJroduced  by  its  com- 
bustion. 

It  will  be  noticed  that  the  combustion  of  the  cliarcoal  is  scarcely  at- 
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tended  with  flame,  and  wlien  pure  carbon  (diamond,  for  example)  is 
employed,  no  flame  whatever  is  produced  in  its  combustion,  because  car- 
bon is  not  convertible  into  vapour,  and  all  flame  is  vapour  or  gas  in  the 
act  of  combustion,  hence  only  those  substances  burn  with  flame  which  are 
capable  of  yielding  combustible  gases  or  vapours. 

10.  The  three  examples  of  sulphur,  phosphorus,  and  carbon  sufficiently 
illustrate  the  tendency  of  non-metals  to  form  acids  by  union  with  oxygen, 
which  originally  led  to  the  adoption  of  its  name  derived  from  o^'s'acid, 
and  yewaoj,  I  produce.  All  the  non-metallic  elements,  except  hydrogen 
and  fluorine,  are  capable  of  forming  acids  by  their  union  with  oxygen. 

11.  The  metals,  as  a  class,  exhibit  a  greater  disposition  to  unite  directly 
with  oxygen,  though  few  of  them  wUl  do  so  in  their  ordinary  condition 
and  at  the  ordinary  temperature.  Several  metals,  such  as  iron  and  lead, 
are  superficially  oxidised  when  exposed  to  air  under  ordinary  conditions' 
but  this  would  not  be  the  case  unless  the  air  contained  water  and  car- 
bonic acid,  which  favour  the  oxidation  in  a  very  decided  manner.  Among 
the  metals  which  are  of  importance  in  practice,  five  only  are  oxidised  by 
exposure  to  dry  air  at  the  ordinary  temperature,  viz.,  potassiimi,  sodium, 
barium,  strontium,  and  calcium,  the  attraction  of  these  metals  for  oxygen 
being  so  powerful  that  they  must  be  kept  under  petroleum,  or  some  simi- 
lar hquid  free  from  oxygen.  On  the  other  hand,  three  of  the  common 
metals,  silver,  gold,  and  platinum,  have  so  little  attraction  for  oxygen  that 
they  cannot  be  induced  to  unite  with  it  directly,  even  at  high  temperatures. 

If  a  lump  of  sodium  be  cut  across  with  a  knife,  the  fresh  surfaces  will 
exhibit  a  splendid  lustre,  but  will  veiy  speedily  tarnish  by  combining 
with  oxygen  from  the  air,  which  gives  rise  to  a  coating  of  oxide  of  sodium 
or  soda,  and  this  to  some  extent  protects  the  metal  beneath  from  oxidation. 
Even  when  the  attraction  of  the  sodium  for  oxygen  is  increased  by  the 
application  of  heat,  it  is  long  before  the  mass  of  sodiimi  is  oxidised 
throughout,  unless  the  temperature  be  sufficiently  high  to  convert  a  por- 
tion of  the  sodium  into  vapour,  which  bursts  through  the  crust  of  soda, 
and  bujns  with  a  yeUow  flame.  If  the  spoon  containing  the  sodium  (see 
hg.  4)  be  now  plunged  into  a  jar  of  oxygen,  the  yeUow  flame  will  be  far 
more  brUliant. 

One  combining  weight  (2.3  parts)  of  sodium  here  combines  with  one 
combmmg  weight  (8)  of  oxygen  to  form  soda  (NaO),  which  remains  in  the 
spoon  m  a  fused  state.  When  the  spoon  is  cool,  it  may  be  placed  in 
water,  which  wiU  dissolve  the  soda,  acquiring  a  pecuHar  soapy  feel  and 
taste  as  well  as  the  property  of  restoring  the  blue  colour  to  Htmus  paper 
wJiich  has  been  reddened  by  an  acid.  These  properties  are  caUed  alka- 
line, apparently  because  they  were  known  to  the  early  alchemists  as  being 
possessed  by  the  ashes  of  plants  {potashes)  caUed  kali. 

(IJep.--^  mineral*  alkali  is  a  metaUic  oxide  easHy  soluble  in  water,  and 
capable  ot  restoring  the  blue  colour  to  litmus  which  has  been  reddened 
by  an  acid.) 

dfluted  sulphuric  acid  be  added  drop  by  di-op  to  a  portion  of 
adLd  St.!  ^fter  a  certain  quantity  has  been 

Diece  of  111     T  -1*'°^  """^  feels  soapy,  and  has  a  saline  taste ;  if  a 

micwid  tTl^'^^'f  ^^t^i  it'       colo^ir  will  remain 

miclianged,  and  the  solution  will  not  redden  blue  litmus  paper.    Such  a 

*  There  are  otlior  .ilk.ilips  u,„.i,  •        ,  , 

metaUic  o.videa.  '        '''^  aiuiiioiiia  and  tlie  vegetable  alkalies,  which  are  not 
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solution  is  said  to  be  neutral  to  test-papers,  the  alkali  and  the  acid 
having  neutralised  each  otlxer. 

(Def. — Neutral imtlou  is  the  destruction  of  the  characteristic  properties 
of  an  acid  by  an  alkali  or  the  converse.) 

The  liquid  now  contains  a  new  substance  called  a  salt  (the  strict  defini- 
tion of  which  wiU  be  given  hereafter),  and  known  as  sulphate  of  soda, 
which  woidd  be  represented  in  symbols  by  NaO .  SO3.* 

Now,  it  wiU  be  remembered  that  soda  (NaO)  is  composed  of  23  parts 
by  weight  of  sodium  and  8  parts  of  oxygen;  hence  31  parts  by  weight 
would  be  represented  by  NaO.  And  sulphuric  acid  (SO3)  is  composed  of 
16  parts  by  weight  of  sulphiu-,  and  (8  x  3)  24  parts  of  oxygen,  so  that 
SO3  represents  40  parts  by  weight,  and  the  combining  weights  of  soda 
and  (anhydi-ous)  sulphuric  acid  are  respectively  31  and  40. 

(Rule. — The  combining  loeights  of  comxMunds  are  obtained  by  adding 
together  the  iveights  represented  by  their  symbols.) 

All  acids  would  not  have  neutralised  the  properties  of  the  alkali,  in 
the  above  experiment,  so  completely  as  sulphuric  acid ;  thus  carbonic  acid 
woidd  never  entirely  destroy  the  property  of  the  soda  to  restore  the  blue 
coloiu:  to  reddened  Litmus,  although  it  would  very  considerably  modify 
its  other  properties  ;  the  solution  of  soda  itself  is  capable  of  corroding  the 
skin  and  textile  fabrics,  whence  its  old  name  of  caustic  soda,  but  when 
combined  with  carbonic  acid,  to  form  carbonate  of  soda,  it  loses  these 
properties,  and  becomes  what  the  older  chemists  called  a  mild  alkali. 
Even  the  weakest  acids  possess  this  property  of  partially  neutralising  the 
alkalies. 

(Def.— An  acid  is  a  compound  body  which  is  capable  of  neutralising 
an  alkali,  either  partly  or  entirely.) 

12.  Zinc  wdl  serve  as  an  example  of  a  metal  which  has  no  disposition 
to  enter  into  combination  with  oxygen  at  the  ordinary  temperature,t  but 
which  is  induced  to  unite  with  it  by  a  very  moderate  heat.  If  a  little 
zinc  {spelter)  be  melted  in  a  ladle  or  crucible,  and  stirred  about  with  an 
iron  rod,  it  bums  with  a  beautifid  greenish  flame  produced  by  the  union  of 
the  vapour  of  zinc  Avith  the  oxygen  of  the 
air.  But  the  combustion  is  far  more  bril- 
liant if  a  piece  of  zinc-foil  be  made  into  a 
tassel  (fig.  5),  gently  warmed  at  the  end, 
dipped  into  a  little  flowers  of  sulphur, 
kindled,  and  let  down  into  a  jar  of  oxy- 
gen, when  the  flame  of  the  burning  sul- 
phur will  ignite  the  zinc,  wliich  burns  with 
great  briQiancy.  On  withdrawing  what 
remains  of  the  tassel  after  the  combustion 
is  over,  it  will  be  foimd  to  consist  of  a 
friable^  mass,  wliich  has  a  fine  yellow  P'g- 6- -^""c  biunmg  lu  oxygen, 
colour  while  hot,  and  becomes  white  as  it  cools.  This  is  the  oxide  of 
z'inc  (ZnO),  formed  by  the  union  of  one  combining  weight  (32-8  parts)  of 
zinc  with  one  combming  weight  (8  parts)  of  oxygen. 

The  oxide  of  zinc  does  not  possess  the  properties  of  an  acid  or  an  alkali, 
but  belongs  to  another  class  of  compounds  termed  bases,  wliicli  are  not 

*  Tri  expressing  by  syniliols  a  compound  of  two  or  more  compounds,  thev  'iro  ahvnvK 
separated  from  each  other  l,y  a  full  stop.  '     ^  ^ 

t  lJ'>]fl«J*  water  and  carlioiiic  acid  bo  present,  as  in  common  air. 
X  I'nahle,  easily  crnnibled  or  disintosratod. 
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soluble  in  water  as  the  alkalies  are,  but  hke  them,  are  capable  of  neu- 
tralising, either  partly  or  entu-ely,  the  acids.  Thus,  if  the  oxide  of  zinc 
were  added  to  cUluted  sulphuric  acid  as  long  as  the  acid  would  dissolve  it, 
the  weU-lcnown  corrosive  properties  of  the  acid  would  be  destroyed, 
althou-h  it  would  stiU  retain  the  power  of  reddening  blue  litmus  and  the 
solution  would  now  contain  a  new  substance,  or  salt,  caUed  sulphate  of 
oxide  of  zinc*  {ZnO  .  SO.,). 

(J)EF.—A  base  is  a  compound  body  which  is  capable  of  neutrahsing  an 
afcid,  either  partly  or  entii-ely.)  ■ 

It  wiU  be  observed  that  an  alkah  is  only  a  particular  species  of  base, 
and  mio-ht  be  defined  as  a  base  which  is  very  soluble  in  water. 

 ^  salt  is  a  compound  body  containing  an  acid  in  combination 

with  a  base,  or  a  metal  in  combination  with  a  salt-radical,  f  Examples.— 
Nitrate  of  potash  (KO .  NO^)  composed  of  (anhydrous)  nitric  acid  (NO.) 
and  potash  (KO).    Chloride  of  sodium  (NaCl).) 

(Dep.  A  salt-radical  or  halogen  is  a  substance  which  forms  an  acid 

wlien  combined  with  hydrogen.  Exampiles. — Chlorine,  which  forms 
hydrochloric  acid  (HCl) ;  Cyanogen  (C^N),  which  forms  hydrocyanic  acid 
(HC,N).) 

13.  Iron,  in  its  ordinary  form,  like  zinc,  is  not  oxidised  by  dry  air  or 
oxygen  at  the  ordinary  temperature;  but  if  it  be  heated  even  to  only 
500°  F.  a  film  of  oxide  of  iron  forms  upon  its  surface,  and  as  the  heat  is 
iacreased  the  thickness  of  the  film  increases,  until  eventually  it  becomes  so 
thick  that  it  can  be  detached  by  hammering  the  surface,  as  may  be  seen 
in  a  smith's  forge.  If  an  iron  rod  as  thick  as  the  little  finger  be  heated 
to  whiteness  at  the  extremity,  and  held  before  the  nozzle  of  a  powerful 

bellows,  it  will  burn  brilliantly,  throwing 
off  sparks  and  dropping  melted  oxide  of 
iron.  If  a  stream  of  oxygen  be  substituted 
for  air,  the  combustion  is  of  the  most  bril- 
Hant  description.  A  watch-spring  (iron 
combined  with  about  1  per  cent,  of  carbon) 
may  be  easUy  made  to  burn  in  oxygen  by 
heatiag  it  in  a  flame  till  its  elasticity  is 
destroyed,  and  coiUng  it  into  a  spiral  (A, 
fig.  6),  one  end  of  which  is  fixed,  by  means 
of  a  cork,  in  the  deflagi-ating  coUar  B ;  if 
the  other  end  be  filed  thin  and  clean, 
dipped  into  a  little  sulphur,  kindled,  and 
immersed  in  a  jar  of  oxygen  (C)  standing  in  a  plate  of  water,  the  burning 
sulphur  will  raise  the  iron  to  the  point  of  combustion,  and  the  spring  will 
be  converted  into  molten  drops  of  oxide. 

The  black  oxide  of  iron  formed  in  all  these  cases  is  really  a  combina- 
tion of  two  distinct  oxides  of  iron,  one  of  wliich  contains  one  combining 
weight  of  iron  (28  parts)  and  one  (8  parts)  of  oxygen,  and  would  be 
written  FeO,  wliilst  the  other  contains  two  combining  weights  (56)  of  iron 
and  three  (24)  of  oxygen,  expressed  by  the  formida  To  distuiguish 

them,  the  former  is  usually  called  protoxide  of  iron  (Trpwros,  first),  and  the 

*  For  tlie  sake  of  brevity,  it  is  usual  to  omit  oxide  of  in  designating  salts.  Tims  sulphate 
of  copper  means  sulphate  of  oxido  of  copper,  nitrate  of  silver  means  nitrate  of  oxide  oj 
silver. 

t  Salts  of  this  description  are  temed  Iwloid  salts,  because  they  helong  to  the  same  class 
as  sea-salt  (NaCl),  from        the  sea. 


Be 

Pig.  6. — Watch-spring  bitming 
in  oxygen. 
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latter  sesqivioxide  (in  allusion  to  the  ratio  of  one  and  a-half  to  one  between 
the  oxygen  and  the  metal).*  The  sesquioxide  of  u-on  combined  with 
water  constitutes  ordinary  rust. 

The  black  oxide  usually  contains  one  combiniug  weight  of  each  oxide, 
so  that  it  would  be  written  FeCFe^Oj,  or  re^O^.  It  is  powerfully 
attracted  by  the  magnet,  and  is  often  called  magnetic  oxide  of  iron.  The 
abundant  magnetic  ore  of  iron,  of  which  the  loadstone  is  a  variety,  has  a 
sinular  composition. 

Iron  in  a  very  fine  state  of  division  will  take  fire  spontaneously  in  air 
as  certainly  as  phosphorus.  Pyrophoric  iron  can  be  obtained  (by  a  process 
to  be  described  hereafter)  as  a  black  powder,  which  must  be  preserved  in 
sealed  tubes.  When  the  tube  is  opened,  and  its  contents  thrown  into  the 
air,  oxidation  takes  place,  and  is  attended  vdih.  a  vivid  glow.  In  tliis 
case  the  red  sesquioxide  of  iron  is  produced  instead  of  the  black  oxide. 

Both  these  oxides  of  iron  are  capable  of  neutraHsuig,  or  partially  neu- 
tralising, acids,  and  are  therefore  basic  oxides  or  bases,  like  the  oxides  of 
zinc  and  sodium  obtained  in  previous  experiments.  So  general  is  the 
disposition  of  metals  to  form  oxides  of  this  class,  that  it  may  be  regarded 
as  one  of  the  distinguishing  features  of  a  metal,  for  no  non-metal  ever 
forms  a  base  with  oxygen. 

(Def. — A  metal  is  an  element  capable  of  forming  a  baset  by  combining 
with  oxygen,  or  a  salt  by  combining  with  a  salt-radical.) 

Many  metals  are  capable  also  of  forming  acids  with  oxygen ;  thus,  tin 
forms  stannic  acid  (SnOJ,  antimony  forms  antimonic  acid  (SbO^),  and  it 
is  always  found  that  the  acid  oxide  of  a  metal  contains  a  larger  proportion  of 
oxygen  than  any  of  the  other  oxides  which  the  metal  may  happen  to  form. 

14.  There  is  a  third  class  of  oxides,  termed  the  indifferent  oxides,  be- 
cause they  are  neither  acids  nor  bases ;  such  oxides  may  be  formed  either 
by  non-metals  or  metals ;  thus  water  (HO),  the  oxide  of  hydrogen,  is  an 
indifferent  oxide,  and  the  black  oxide  or  binoxide  of  manganese  (MnOJ 
is  an  example  of  an  indifferent  metallic  oxide.  It  will  be  seen  hereafter 
that  the  oxides  of  the  non-metals  are  generally  acids,  and  that  when 
a  metal  combines  with  oxygen  in  several  proportions,  the  oxides  contain- 
mg  the  smallest  proportion  of  oxygen  are  usually  bases,  whilst  those  con- 
tainmg  the  largest  proportion  are  acids,  and  the  indifferent  oxides  contain 
an  mtermediate  proportion  of  oxygen.  The  following  list  of  the  oxides  of 
manganese  wiU  exemplify  this,  and  will  Ulustrate  the  names  commonly 
bestowed  upon  oxides  in  order  to  indicate  the  proportion  of  oxvsen  which 
they  contain :— 

Protoxide  of  Manganese,     .     .  MnO,      Strong  Base. 

Sesquioxide  of     „  .     .  UnJdo    Weak  Base. 

Binoxide,   1  . 

Peroxide,t  ]        "  •     •  MnOj  Indifferent. 

Manganic  Acid,      ....  MnO.^ 

Permanganic  Acid,       .     .     .  Mn^O, 

15.  Preparation  of  Oxygen.— Fov  almost  all  the  iisoful  arts  in  which 
uncombmed  oxygen  is  required,  the  diluted  gas  contained  in  atmospheric 

sc^s-,u£xirteTir'™  ^""^  fen-ic  oxide  are  now  very  often  substituted  for  protoxide  and 

t  The  metal  tung,sten  appears  at  present  to  be  an  exception  to  this  rule  «r«ii 
defined  basic  oxide  of  this  metal  being  known.         *  ®'  "° 

t  A  peroxide  is  the  highest  oxide  wTiich  does  not  possess  acid  properties. 
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air  is  sufficient,  since  the  nitrogen  mixed  with  it  does  not  interfere  with 

its  action.  i  .  •     n    t      •  •  ^ 

From  atmospheric  air  pure  oxygen  was  first  obtained  by  Lavoisier  towards 
the  end  of  the  last  century.  His  process  is  far  too  tedious  to  be  employed 
as  a  general  method  of  preparing  oxygen,  but  it  aflbrds  a  very  good  example 
of  the  relation  of  heat  to  chemical  attraction.  Some  mercury  was  poured 
into  a  glass  flask  with  a  long  narrow  neck,  which  was  placed  in  a  sand- 
bath,  so  that  its  temperatm-e  might  be  constantly  maintained  at  about 
660°' r.  for  several  weeks.  The  mercury  boiled,  and  a  portion  of  it  was 
converted  ijito  vapour,  which  condensed  in  the  neck  of  the  flask  and  ran 
back  ao'ain.  Eventually  the  mercury  was  converted  into  a  red  powder, 
havino-  combined  with  the  oxygen  of  the  air  (or  undergone  oxidation)  to 
form  the  red  oxide  of  mercury.  The  nitrogen  of  the  air  does  not  enter 
into  combination  with  the  mercury. 

By  heating  this  oxide  of  mercury  to  a  temperature  approaching  a  red 
heat  (about  1000°  F.)  it  is  decomposed  into  mercury  and  oxygen  gas 
(HgO  =  Hg+0). 

It  is  very  generally  found,  as  in  this  instance,  that  heat  of  moderate 
intensity  will  favour  the  operation  of  chemical  attraction,  whilst  a  more 
intense  heat  will  annul  it. 

For  the  purpose  of  experimental  demonstratioii,  the  decomposition  of  the  oxide 
of  mercury  may  he  conveniently  effected  in  the  apparatus  represented  by  fig.  7, 
where  the  oxide  is  placed  in  the  German  glass  tube  A,  and  heated  by  the  Bunsen's 


Fig.  7.— Preparation  of  oxygen  from  oxide  of  merciirj'. 

gas-burner  B,  the  metallic  mercury  being  condensed  in  the  bend  C,  and  the  oxygen 
gas  collected  in  the  gas  cylinder  D,  filled  with  water,  and  standing  upon  the  bee- 
hive shelf  of  the  pneumatic  trough  E.  It  may  be  identified  by  its  property  of  kindling 
into  flame  the  spark  left  at  the  end  of  a  wooden  match.  If  the  heat  be  continued 
for  a  suflScient  length  of  time,  the  whole  of  the  oxide  of  mercury  will  disappear, 
being  resolved  into  its  elements.  In  technical  language,  the  mercury  is  said  to  be 
reduced. 

Upon  the  first  application  of  heat,  the  red  oxide  suffers  a  physical  change,  in 
consequence  of  which  it  becomes  black ;  but  its  red  colour  returns  again  if  it  be 
allowed  to  cool. 

Although  processes  have  lately  been  devised  for  obtaining  a  supply 
of  unmixed  oxygen  at  a  cheap  rate  from  the  atmosphere,  the  demand  for 
the  gas  is  as  yet  so  small  that  they  have  not  been  carried  out  on  a  large 
scale. 

16.  The  only  other  natural  source  fi'om  which  it  has  been  found  con- 
venient to  prepare  pure  oxygon  is  a  black  mineral  composed  of  manganese 
and  oxygen.     It  is  found  in  some  parts  of  England,  but  much  more 
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abundantly  in  Germany  and  Spain,  whence  it  is  imported  for  the  use  of 
the  bleacher  and  glass-maker.  Its  commercial  name  is  manganese,  but  it 
is  known  to  chemists  as  binoxide  of  manganese  (MnOj),  and  to  minera- 
logists by  several  names  designating  different  varieties.  The  most  signi- 
ficant of  these  names  is  pyrolusite,  referring  to  the  facility  with  which  it 
may  be  decomposed  by  heat  {irvp,  fire,  and  Auw,  to  loosen). 

One  of  the  cheapest  methods  of  preparing  oxygen  consists  in  heatmg 
small  fragments  of  this  black  oxide  of  manganese  in  an  iron  retort,  placed 
in  a  good  fire,  the  gas  being  collected  in  jars  filled  with  water,  and  stand- 
ing upon  the  shelf  of  the  pneumatic  trough,  or  in  a  gas-holder  or  gas-bag, 
if  larger  quantities  are  required. 

The  attraction  existing  between  manganese  and  oxygen  is  too  powerful 
to  allow  the  metal  to  part  with  the  whole  of  its  oxygen  when  heated,  so 
that  only  one-third  of  the  oxygen  is  given  off  in  the  form  of  gas,  a  brown 
oxide  of  manganese  being  left  in  the  retort.* 

1 7.  By  far  the  most  convenient  source  of  oxygen,  for  general  use  in  the 
laboratory,  is  the  artificial  salt  called^  cUorate  of  potash,  which  is  largely 
manufactured  for  fireworks,  percussion- 
cap  composition,  &c.  If  a  few  crystals 
of  this  salt  be  heated  in  a  test-tube  over 
a  spirit-lamp  (fig.  8),  it  soon  melts  to  a 
clear  liquid,  which  presently  begins  to 
boil  from  the  disengagement  of  bubbles 
of  oxygen,  easily  recognised  by  intro- 
ducing a  match  with  a  spark  at  the  end 
into  the  upper  part  of  the  tube.  If  the 
action  of  heat  be  continued  until  no  more 
oxygen  is  given  off,  the  residue  in  the 
tube  vnU  be  the  salt  termed  chloride  of 
potassium. 

The  chlorate  of  potash  (KO.CIOJ  is  composed  of  potash  (KO)  and 
chloric  acid  (ClOj).  If  the  potash  were  uncombined  with  chloric  acid, 
heat  would  be  quite  incapable  of  decomposing  it,  but  chlorine  has  a  more 
powerful  attraction  for  potassium  than  even  oxygen  has  at  a  high  tem- 
perature;  and  accordingly,  when  the  salt  is  heated,  union  takes  place 
between  the  potassium  and  the  chlorine,  whilst  the  whole  of  the  oxygen 
is  expelled  in  the  form  of  gas,  a  result  expressed  by  the  equation 

KO.CIO,         =  KCl    +  0„. 

Chlorate  of  potash.  Chloride  of  potassium. 

To  ascertain  what  quantity  of  oxygen  would  be  furnished  by  a  given  weight  of 
chlorate  of  potash,  the  combining  weights  must  be  brought  into  use.  Eeferring  to 
the  table  of  combining  weights  (p.  2),  it  is  found  that  K  =  39,  0  =  8,  and 
01  =  35-5 ;  hence  the  combining  weight  of  chlorate  of  potash  is  easily  calculated. 

One  combining  weight  of  potassium,    .  ■  39 

„  ,,       chlorine,      .  ■  35*6 

Six  combining  weights  of  oxygen,       .  •  48 

K0.C105=  122-5 
So  that  122-6  grains  of  chlorate  of  potash  would  yield  48  grains  of  oxygen. 

*  Expressed  in  the  form  of  an  equation  :    3  Mn02      =        Miij  O4    +  0^. 

Ulack  oxide  of         flvown  oxide  of 
miinBUiiPSP.  manganese. 
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If  it  be  required  to  know  what  would  be  the  measure  or  volume  of  this  oxygen 
at  the  ordinary  atmospheric  temperature  (60°  F.)  and  pressure  (30  inches  barometer), 
it  must  first  be  known  that  31  grains  of  air  under  those  conditions  would  occupy 
100  cubic  inches.  Then,  knowing  (6)  the  specific  gravity  of  oxygen  to  be  1-1057, 
the  proportion — 

1         :        1-1057         :  :         31  :  x 

Spec.  gr.  (or  Spec.  gt.  (or  Weight  of  Weight  of 

weight  of  1  vol.)     weight  of  1  vol.)  100  cub.  in.  100  cub.  in. 

of  air,  of  oxygen,  of  air,  of  oxgyen, 

gives  us  34-28  grains  for  the  weight  of  100  cub.  in.  of  oxygen. 

(EuLE. — To  find  the  weight  of  100  cub.  in.  of  a  gas  at  60°  F.  and  80  in.  Bar.,  multiply 
its  specific  gravity  by  31). 

Then       34-28  :  100        : :  48  :  140 

Grs.  of  Oxygen.  Cub.  In.  Grs.  of  Oxygen.  Cub.  In. 

Hence  it  is  found  that  122-5  grains  of  chlorate  of  potash  would  give  140  cub.  in. 
of  oxygen  measured  at  60°  F.  and  30  in.  Bar. 

If  one  gallon  (277-276  cub.  in.)  of  oxygen  be  required,  242-6  grains  of  chlorate  or 
potash  must  be  used,  or  rather  more  than  half  an  ounce. 

Since  the  complete  decomposition  of  the  chlorate  of  potash  alone  re- 
quires a  more  intense  heat  than  a  glass  vessel  will  usually  endure,  it  is 
customary  in  preparing  oxygen  for  chemical  purposes  to  facilitate  the 
decomposition  of  the  chlorate  by  mixing  it  with  about  one-fifth  of  its 
weight  of  powdered  black  oxide  of  manganese,  when  the  whole  of  the 
oxygen  is  given  off  at  a  comparatively  low  temperature,  though  the  oxide 
of  manganese  itself  suffers  no  change,  and  its  action  has  not  yet  received 
any  explanation  which  is  quite  satisfactory. 

Fig.  9  shows  a  very  convenient  arrangement  for  preparing  and  collecting  oxygen 
for  the  purpose  of  demonstrating  its  relations  to  combustion.    A  is  a  Florence  flask 


Fig.  9.  —Preparation  of  oxygen, 
m  which  the  glass  tube  B  is  fixed  by  a  perforated  cork.  C  is  a  tube  of  vulcanised 
india-rubber.  The  gas-jar  is  filled  with  water,  and  supported  upon  a  bee-hive  shelf 
made  of  earthenware.  If  pint  gas-jars  be  employed,  300  grains  of  the  chlorate  of 
potash,  mixed  with  60  grains  of  binoxide  of  manganese,  wiU  furnish  a  sufficient 
supply  of  gas  for  the  ordinary  experiments.  The  heat  must  be  moderated  according 
to  the  rate  at  which  the  gas  is  evolved,  ^nd  the  tube  C  must  be  taken  out  of  the 
water  before  the  lamp  is  removed,  or  the  contraction  of  the  gas  in  cooling  will  suck 
tue  water  back  into  the  flask.  The  first  jar  of  gas  will  contain  the  air  with  which 
me  iiask  was  filled  at  the  commencement  of  the  experiment.  The  oxygen  obtained 
will  have  a  slight  smell  of  chlorine. 

OZONE. 

18.  Ozone  is  the  name  given  to  a  substance  of  the  true  nature  of  which  there  is 
linp  u  °  1  r  '  f  '^^^  "^^^^^  ^^'^'^  obtained  in  a  pure  state,  but  which  is  pretty 
generally  believed  to  be  oxygen  in  a  peculiar  condition,  much  more  disposed  to  com- 
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bine  directly  with  other  substances  at  the  ordinary  tomporature  than  common 
oxygen,  and  possessed  of  a  peculiar  odour,  whence  it  derives  its  name  {S^ur,  to  smell). 
Oxygen  appears  to  bo  capable  of  assuming  this  ozonised  condition  under  various 
circumstances,  the  principal  of  which  aro,  the  passage  of  silent  electric  discharges,* 
and  the  contact  with  substances  (such  as  phosphorus)  undergoing  slow  oxidation  in 
the  presence  of  water.  A  minui^e  proportion  of  the  oxygen  obtained  in  the  decom- 
position of  water  by  the  galvanic  current  also  exists  in  the  ozonised  condition,  as 
may  be  perceived  by  its  odovir. 

The  use  of  Siemens'  induction  tube  (fig.  10)  affords  the  readiest  method  of 


T) 


Fig.  10. — Tube  for  ozonising  air  by  induction. 

demonstrating  the  characteristic  properties  of  ozone.  This  apparatus  consists  of  a 
tube  (A)  coated  internally  with  tin-foil  (or  silvered  on  the  inside),  and  surrounded 
with  another  tube  (B)  which  is  coated  with  tin-foil  on  the  outside.  When  the  inner 
and  outer  coatings  are  placed  in  connexion  with  the  wires  of  an  induction  coil 
by  means  of  the  screws  (C  D),  and  a  stream  of  air  or  oxygen  is  passed  through  (E) 
between  the  two  tubes,  a  strong  odour  is  perceived  at  the  orifice  (F). 

One  of  the  best  chemical  tests  for  ozone  is  a  damp  mixture  of  starch  with  iodide 
of  potassium.  100  grains  of  starch  are  well  mixed  in  a  mortar  with  a  measured 
ounce  of  cold  water,  and  the  mixture  is  slowly  poured  into  iive  ounces  of  boiling 
water  in  a  porcelain  dish,  with  occasional  stirring.  The  thin  starch-paste  thus 
obtained  is  allowed  to  cool,  and  a  few  drops  of  solution  of  pure  iodide  of  potassium 
are  added,  the  mixture  being  well  stirred  with  a  glass  rod.  If  this  mixture  be 
brushed  over  strips  of  white  cartridge  paper,  these  will  remain  unchanged  in 
ordinary  air ;  but  when  they  are  exposed  to  ozonised  air  (such  as  that  which  has 
passed  through  the  induction  tube),  they  will  immediately  assume  a  blue  colour. 
The  ozonised  oxygen  being  more  active,  or  endowed  with  more  powerful  chemical 
attractions  than  ordinary  oxygen,  abstracts  the  potassium  from  the  iodide  of 
potassium  (KI),  and  sets  free  the  iodine,  which  has  the  specific  property  of  impart- 
ing a  blue  colour  to  starch.  The  intensity  of  the  blue  tint  is  proportionate  to  the 
quantity  of  iodine  liberated,  and  therefore  to  that  of  the  ozonised  oxygen  pre- 
sent, and  hence,  by  reference  to  a  standard  scale  of  colours  previously  agreed 
upon,  the  ozone  may  be  expressed  in  degrees.  The  result,  however,  is  affected 
by  so  many  trifling  circumstances,  that  it  is  doubtful  whether  such  determina- 
tions of  the  quantity  of  ozone  are  to  be  considered  trustworthy.  If  the  ozonised 
air  issuing  from  F  be  passed  into  a  solution  of  indigo  {sulphindigotic  acid  largely 
diluted)  the  blue  colour  will  soon  disappear,  since  the  ozone  oxidises  the  indigo, 
and  gives  rise  to  products  which,  in  a  diluted  state,  are  nearly  colourless.  Ordi- 
nary oxygen  is  incapable  of  bleaching  indigo  in  this  manner.  If  the  ozone  is 
passed  through  a  tube  of  vulcanised  caoutchouc,  this  will  soon  be  perforated  by 
the  corrosive  eifect  of  the  ozone,  whilst  ordinary  oxygen  would  bo  without  effect 
upon  it. 

If  the  ozone  from  F  bo  made  to  pass  slowly  through  a  glass  tube  heated  in  the 
centre  by  a  spirit-lamp,  it  will  be  found  to  lose  its  power  of  affecting  the  iodised 
starch-paper,  the  ozone  having  been  reconverted  into  ordinary  oxygen  under  the 
influence  of  heat.  A  temperature  of  300°  F.  is  sufficient  to  effect  this  change.  It 
has  been  observed  that  a  given  volume  of  oxygen  diminishes  when  a  portion  of  it  is 
converted  into  ozone  by  tlio  silent  electric  discharge,  and  that  it  regains  its  original 


*  It  is  the  odour  of  ozone  which  is  perceived  in  working  an  ordinary  electrical  machine. 
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volume  when  the  ozone  is  reconverted  by  heat,  proving  that  the  ozonised  form  of 
oxygen  is  denser,  or  occupies  less  space  than  the  ordinary  form. 

By  placing  a  freshly-scraped  stick  of  phosphorus  (scraped  under  water  to  avoid 
inflammation)  at  tlie  bottom  of  a  quart  bottle,  with  enough  water  to  cover  half  of  it, 
and  loosely  covering  the  bottle  with  a  glass  plate,  enough  ozone  may  be  accumu- 
lated in  a  few  minutes  to  be  readily  recognised  by  the  odour  and  the  iodised  starch. 
A  plausible  explanation  of  this  production  of  ozone  during  the  slow  oxida.tion  of 
phosphorus  in  the  presence  of  water  will  be  found  under  the  head  of  peroxide  of 
hydrogen. 

If  a  few  drops  of  ether  (C^HgO)  be  poured  into  a  quart  beaker  (fig.  11),  taking 
care  to  avoid  the  vicinity  of  a  flame,  and  pieces  of  iodised  starch-paper  and  blue 

litmus  paper  be  suspended  upon  a  glass  rod  laid 
across  the  mouth  of  the  beaker,  they  will  be  found 
unaffected  by  the  mixture  of  ether  vapour  and 
air ;  but  if  a  hot  glass  rod  be  plunged  into  the 
beaker,  the  heated  ether  vapour  will  undergo 
oxidation,  producing  acid  vapours,  which  redden 
the  blue  litmus,  whilst  the  formation  of  ozone 
will  be  indicated  by  the  blue  iodised  starch  (see 
peroxide  of  hydrogen)  fi 

Ozone  has  attracted  much  notice,  because  a 
minute  proportion  of  the  oxygen  in  the  atmo- 
sphere appears  sometimes  to  be  present  in  this 
form,  and  its  active  properties  have  naturally  led 
to  the  belief  that  it  must  exercise  some  influence 
upon  the  sanitary  condition  of  the  air.  This  idea 
is  encouraged  by  the  circumstance  that  no  indica- 
tions of  ozone  can  be  perceived  in  crowded  cities, 
where  there  are  so  many  oxidisable  substances  to  consume  the  active  oxygen,  whilst 
the  air  in  the  open  country  and  at  the  sea-side  does  give  evidence  of  its  presence. 
Some  chemists  assert  that  their  experiments  have  demonstrated  the  very  important 
fact  that  a  portion  of  the  oxygen  developed  by  growing  plants  is  in  the  ozonised 
form. 

The  investigations  into  the  true  nature  of  ozone  have  given  rise 'to  interesting 
speculations  with  respect  to  the  molecular  constitution  of  oxygen,  which  wiU  be 
noticed  in  the  article  mt^ou  peroxide  of  hydrogen. 


Atmospheric  Air. 

19.  Atmosplieric  air  consists  chiefly  of  a  mixture  of  nitrogen  with  one- 
fifth  of  its  volume  of  oxygen,  and  very  small  proportions  of  carbonic 
acid  and  ammonia.  Yapour  of  water  is  of  course  always  present  in  the 
atmosphere  ia  varying  proportions.  Since  the  atmosphere  is  the  re- 
ceptacle for  all  gaseous  emanations,  other  substances  may  be  discovered 
in.  it  by  very  minute  analysis,  but  in  proportions  too  .smaU  to  have 
any  perceptible  influence  upon  its  properties.  Thus  marsh-gas  or  light 
carburetted  hydrogen,  sulphuretted  hydrogen,  and  sulphurous  acid,  can 
often  be  traced  in  it,  the  two  last  especially  in  or  near  towns. 

Although  the  proportion  of  oxygen  in  the  air  at  a  given  spot  may  be 
much  diminished,  and  that  of  carbonic  acid  increased,  by  processes  of 
oxidation  (such  as  respiration  and  combustion)  taking  place  there,  the 
operation  of  Avind  and  of  diffusion  so  rapidly  mixes  the  altered  air  -with 
the  immensely  greater  general  mass  of  the  atmosphere,  that  the  variations 
in  the  composition  of  air  in  different  places  are  very  slight.  Thus  it  has 
been  found  that  the  proportion  of  oxygen  in  the  air  in  the  centre  of 
Manchester  was,  at  most,  only  0-2  per  cent,  below  the  average. 

*  '^u?  obtained  by  the  action  of  warm  svilphuj-ic  acid  on  hinoxide  of  baritim 

resemble.'!  ozone  ui  its  odour  and  action  on  the  iodised  stardi-papcr. 
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The  proportions  in  which  the  oxygen  and  nitrogen  are  generally  pre- 
sent in  atmospheric  air  are — 


Volumes. 

Weights. 

Mtrogen,  .... 

79-19 

76.99 

Oxygen,  .... 

20'81 

23-01 

100-00 

100-00 

Fig.  12. 

divided  into  seven  parts  of 


The  proportion  of  aqueous  vapour  may  he  stated,  on  the  average,  as  1  -4 
per  cent,  by  volume,  or  0-87  per  cent,  by  weight  of  the  air.  The  carbonic 
acid  may  be  generally  estimated  at  0-04  per  cent,  by  volume,  or  0-06  per 
cent,  by  weight  of  the  aii-. 

The  relative  proportions  of  oxygen  and  nitrogen  in  air  may  be  exhibited  by  sus- 
pending a  stick  of  phosphorus  upon  a  wire  stand  (A,  fig.  12)  in  a  measured  volume  of 
air  confined  over  water.  The  cylinder  (B)  should 
have  been  previously  divided  into  five  equal 
spaces  by  measuring  water  into  it,  and  each 
space  marked  by  a  tJiinline  of  Brunswick  black. 
After  a  few  hours,  the  phosphorus  will  have 
combined  with  the  whole  of  the  oxygen  to  form 
phosphorous  acid, which  is  absorbed  by  thewater, 
leaving  four  of  the  spaces  occupied  by  nitrogen. 

The  same  result  may  be  arrived  at  in  a  much 
shorter  time  by  burning  the  phosphorus  in  the 
confined  portion  of  air. 

A  fragment  of  phosphorus,  dried  by  careful 
pressure  between  blotting  paper,  is  placed  upon 
a  convenient  stand  (A,  fig.  13)  and  covered 
with  a  tall  jar,  having  an  opening  at  the  top 
for  the  insertion  of  a  well-fitting  stopper 
(which  should  be    greased  with  a  little  lard),  and 

equal  capacity.  The  jar  should  be  placed  over  the  stand  in  such  a  manner 
that  the  water  may  occupy  the  two  lowest 
spaces  into  which  the  jar  is  divided.  The 
stopper  of  the  jar  is  furnished  with  a  hook,  to 
which  a  piece  of  brass  chain  (B)  is  attached, 
long  enough  to  touch  the  phosphorus  when  the 
stopper  is  inserted.  The  end  of  this  chain  is 
heated  in  the  flame  of  a  lamp,  and  the  stopper 
tightly  fixed  in  its  place.  On  allowing  the  hot 
chain  to  touch  the  phosphorus,  it  bursts  into 
vivid  combustion,  filling  the  jar  with  thick 
white  fumes,  and  covering  its  sides,  for  a  few 
moments,  with  white  flakes  of  phosphoric  acid. 
At  the  commencement  of  the  experiment,  the 
water  in  tlie  jar  will  be  depressed,  in  conse- 
quence of  the  expansion  of  the  air,  duo  to  the 
heat  produced  in  the  burning  of  the  phosphorus, 
but,  presently,  when  the  combustion  begins  to 
decline,  tlie  water  again  rises,  and  continues 
to  do  so  until  it  iias  ascended  to  the  line  (0),  so  as  to  occupy  tlie  place  of  one-flftli  of  tho  • 
air  employed  m  tlie  experiment.  Tho  phosphorus  will  then  have  ceased  to  burn,  tlie 
white  flakes  upon  the  sides  of  tlie  jar  will  liavo  acquired  the  appearance  of  drops  of 
moisture,  and  the  fumes  will  have  gradually  disappeared,  until,  in  tho  course  of  half- 
an-hour  tlio  air  remaining  in  the  jar  will  be  as  clear  and  transparent  as  before  the 
whoie  of  the  phosphoric  aeid  having  been  absorbed  by  the  water.  The  iar  should 
now  be  sunk  in  water,  so  that  tho  latter  may  attain  to  the  same  level  without  as 
within  tlio  jar.  On  removing  tho  stopper,  it  will  bo  found  that  the  nitro-on  in  the 
jar  will  no  longer  support  the  combustion  of  a  taper. 

In  the  rigidly  accurate  determination  of  tho  relative  proportions  of 
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nitrogen  in  the  air,  it  is,  of  courso,  necessary  to  guard  agamst  any  error  arising  from 
the  presence  of  the  water,  carbonic  acid,  and  ammonia.  With  this  view,  Dumas  and 
Boussingault  to  whom  we  are  chiefly  indebted  for  our  exact  knowledge  of  the  com- 
position of  the  air,  caused  it  to  pass  through  a  series  of  tubes  (A,  tig.  14)  containing 
potash  in  order  to  remove  the  carbonic  acid,  then  tlirough  a  second  series  (B),  contain- 
ing sulphuric  acid,  to  absorb  the  ammonia  and  water ;  the  purified  air  then  passed 
tlirough  a  glass  tube  (C)  filled  with  bright  copper  heated  to  redness  in  a  charcoal 
furnace,  which  removed  the  whole  of  the  oxygen,  and  the  nitrogen  passed  into  the 

^^'^Both°the  tube  (containing  the  copper)  and  the  globe  were  carefully  exhausted  of 
air  and  accurately  weighed  before  the  experiment ;  on  connecting  the  globe  and  the 
tube  with  the  purifying  apparatus,  and  slowly  opening  the  stop-cocks,  the  pressure  of 
the  external  air  caused  it  to  flow  through  the  series  of  tubes  into  the  globe  destined 
to  receive  the  nitrogen.  When  a  considerable  quantity  of  air  had  passed  in,  the 
stop-cocks  were  again  closed,  and,  after  cooling,  the  weight  of  the  globe  was  accurately 
determined.  The  difference  between  this  weight  and  that  of  the  empty  globe  before 
the  experiment,  gave  the  weight  of  the  nitrogen  which  had  entered  the  globe,  but 
this  did  not  represent  the  whole  of  the  nitrogen  contained  in  the  analysed  air,  for  the 


Fig.  14. — Exact  analysis  of  air. 

tube  containing  the  copper  had,  of  course,  remained  full  of  nitrogen  at  the  close  of 
the  experiment.  This  tube  having  been  weighed,  was  attached  to  the  air-pump,  the 
nitrogen  exhausted  from  it,  and  the  tube  again  weighed  ;  the  difference  between  the 
two  weighings  furnished  the  weight  of  the  nitrogen  remaining  iu  the  tube,  and  was 
added  to  the  weight  of  that  received  in  the  globe.  The  oxygen  was  represented  by 
the  increase  in  the  weight  of  the  exhausted  tube  containing  the  copper,  which  was 
partially  converted  into  oxide  of  copper,  by  combining  with  the  oxygen  of  the  air 
passed  through  it. 

The  calculation  of  the  result  of  the  analysis  is  here  exemplified  : — 

Weight  of  Grains. 
Globe  (N)  with  nitrogen  (at  the  conclusion),  .  .  3076 
Exhausted  globe  (at  the  commencement),      .       .       .  3000 

Nitrogen  received  into  the  globe, 

Tube  (C)  with  residual  nitrogen  (at  the  conclusion), 
Exh  austed  tube  (at  the  conclusion) ,      .       .  . 

Nitrogen  remaining  in  the  tube, 
Add  nitrogen  received  into  the  globe. 

Total  nitrogen  in  the  air  analysed,  . 

Exhausted  tube  (C)  with  oxidised  cojjper  (at  the  conclusion),  2573 
„  „  metallic  copper  (at  the  commencement),  2550 

Oxygen  in  the  air  analysed,  23 

The  ratio  of  the  oxygen  to  the  nitrogen,  therefore,  is  that  of  23N  :  770,  or  IN  : 
3.3470.    100  parts  by  weight  of  the  air  purified  from  water,  carbonic  acid,  and  ani- 
•  monia,  contain  77  parts  of  nitrogen  and  23  parts  of  oxygen. 

20.  The  nitrogen  remaining  after  the  removal  of  the  oxygen  from  air  in 
the  ahove  experiments,  was  so  called  on  account  of  its  presence  in  nitre 
(saltpetre  KO .  NO  J.  In  physical  properties  it  resembles  oxygen,  but  is 
somewhat  lighter  than  that  gas,  its  speciBc  gravity  being  0-9713^ 

This  difference  in  the  specific  gravities  of  the  two  gases  is  well  exhibited  by 
the  aTrangemeut  shown  in  fig.  15.  A  jar  of  oxygen  (0)  is  closed  with  a  glass 
plate,  and  placed  upon  the  table.   A  jar  of  nitrogen  (N),  also  closed  with  a  glass 
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plate,  ia  placed  over  it,  so  that  the  two  gases  may  come  in  contact  when  the  glass 
plates  are  removed.  The  nitrogen  will  float  for  some  seconds  above  the  oxygen, 
and  if  a  lighted  taper  be  qiiickly  introduced  through 
tlie  neck  of  the  upper  jar,  it  will  be  extinguished  in 
passing  through  the  nitrogen,  and  will  be  rekindled 
brilliantly  when  it  reaches  the  oxygen  in  the  lower  jar. 

It  might  at  fii-st  siglit  appear  surprising  tliat 
oxygen  and  nitrogen,  though  of  diiferent  specific 
gravities,  should  exist  in  uniform  proportions  in 
all  parts  of  the  atmosphere,  unless  in  a  state  of 
chemical  combination,  but  an  acquaintance  with 
the  property  of  diffusion  (see  Hydrogen)  pos- 
sessed by  gases  teaches  us  that  gases  will  mix 
with  each  other  in  opposition  to  gravitation,  and 
when  mixed  will  ahvays  remain  so. 

That  air  is  simply  a  mechanical  mixtiu'e  of  its 
component  gases  is  amply  proved  by  the  circum- 
stance that  it  possesses  all  the  properties  which 
would  be  predicted  for  a  mixture  of  these  gases 
in  such  proportions ;  wMst  the  essential  featm-e 
of  a  chemical  compoimd  is,  that  its  properties 
cannot  be  foreseen  from  those  of  its  constituents. 

_  The  absence  of  active  chemical  properties  is  a  very  strildng  feature  of 
nitrogen,  and  admirably  adapts  it  for  its  fimction  of  diluting  the  oxygen 
in  the  atmosphere.  There  is  no  direct  test  by  which  nitrogen  gas  can  be 
recognised,  so  that  the  chemist  is  obliged  to  prove  that  the  gas  under  ex- 
amination does  not  possess  the  characters  of  any  other  gas  with  which  he 
is  acquainted  before  he  can  pronounce  it  to  be  nitrogen. 

The  chemical  relations  of  air  to  animals  and  plants  will  be  more  appro- 
priately discussed  hereafter.    (See  Carbonic  Acid,  Ammonia.) 


Fig.  15. 


HYDEOGEK 

21.  Unlike  oxygen,  hydrogen  is  very  rarely  found  uncombiued  iu  natm-e. 
In  combination  it  occurs  abun- 
ilantly  in  water  and  in  aU  ani- 
mal and  vegetable  substances. 
iVll  varieties  of  fuel  contain 
hydrogen.  It  is  always  pro- 
ired  from  the  first  of  these 
ources. 

Water  is  composed  of  the 
t  wo  elements,  hydrogen  and 
'  'xygen,  held  together  by  che- 
mical attraction.  To  separate 
these  elements,  that  is,  to  de- 
compose or  analyse  water,  we 
have  to  overcome  the  chemical 
attraction  between  them,  which 
may  be  effected  by  causing  the 
particles  of  water  to  transmit 
a  current  of  voltaic  electricity, 


Fig.  16.— Electrolysis  of  water. 


An  arrangement  for  decomposing  water  by  the  voltaic  or  galvanic  batterv 
IS  represented  m  fig.  16.  °  j 
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The  glass  vessel  A  contains  water,  to  which  a  little  sulphuric  acid  has  been  added  to 
increase  its  power  of  conducting  electricity,  for  pure  water  conducts  so  imperfectly  that 
it  is  decomposed  with  groat  difficulty.  B  and  0  are  platinum  plates  bent  into  a  cylin- 
drical form  and  attached  to  stout  platinum  wires,  which  are  passed  through  corks  in 
the  lateral  necks  of  the  vessel  A,  and  are  connected  by  binding  screws  with  the  copper 
wires  D  and  E,  which  proceed  from  the  galvanic  battery  G.  H  and  0  are  glass  cylin- 
ders with  brass  caps  and  stop-cocks,  and  are  enlarged  into  a  bell-shape  at  their  lower 
ends  for  the  collection  of  a  considerable  volume  of  gas.    These  cylinders  are  filled 


Fig.  17. 

with  the  acidulated  water,  by  sucking  out  the  air  through  the  opened  stop-cocks;  on 
closing  these,  the  pressure  of  the  air  will  of  course  sustain  the  column  of  water  in 
the  cylinders.  G  is  a  Grove's  battery,  consisting  of  five  cells  or  earthenware  vessels 
(A,  fig.  17)  filled  with  diluted  sulphuric  acid  (one  measure  of  oil  of  vitriol  to  four  of 
water).  In  each  of  these  cells  is  placed  a  bent  plate  of  zinc  (B),  which  has  been 
amalgaviated  or  rubbed  with  mercury  (and  diluted  sulphuric  acid)  to  protect  it  from 

corrosion  by  the  acid  when  the  battery  is 
not  in  use.  Within  the  curved  portion  of 
this  plate  rests  a  small  flat  vessel  of  un- 
glazed  earthenware  (G),  filled  with  strong 
nitric  acid,  in  which  is  immersed  a  sheet  of 
platinum  foil  (D).  The  platinum  (D)  of 
each  cell  is  in  contact,  at  its  upper  edge, 
with  the  zinc  (B)  in  the  adjoining  cell  (fig. 
18),  so  that  at  one  end  (P,  fig.  16)  of  the 
battery  there  is  a  free  platinum  plate,  and  at 
the  other  (Z)  a  free  zinc  plate.  These  plates 
are  connected  with  the  wires  D  and  E  by 
means  of  the  copper  plates  L  and  K  attached 
to  the  ends  of  the  wooden  trough  in  which 
the  cells  are  arranged.  The  wire  D  (fig.  16),  which  is  connected  with  the  last  zinc 
plate  of  the  battery,  is  often  called  the  "  negative  pole  ;"  whilst  E,  in  connexion  with 
the  last  platinum  plate,  is  called  the  "positive  pole." 

"When  the  connexion  is  established  by  means  of  the  wires  D  and  E  with  the  "  de- 
composing cell"  (A),  the  "galvanic  current"  is  commonly  said  to  pass  along  the 
wire  E  to  the  platinum  plate  0,  through  the  acidulated  water  in  the  decomposing 
cell,  to  the  platinum  plate  B,  and  thence  along  the  wire  D  back  to  the  battery. 

22.  During  this  "passage  of  the  current"  (which  is  only  a  figurative  mode 
of  expressing  the  transfer  of  the  electric  influence),  the  water  intervening 
hetween  the  plates  B  and  C  is  decomposed,  its  hydrogen  being  attracted 
to  the  plate  B  (negative  pole),  and  the  oxygen  to  the  plate  C  (positive 
pole).  The  gases  can  be  seen  adhering  in  minute  bubbles  to  the  surface 
of  each  plate,  and  as  they  increase  in  size  they  detach  themselves,  rising 
through  the  acidulated  water  ui  the  tubes  H  and  0,  in  which  the  two 
gases  are  collected. 

Since  no  transmission  of  gas  is  observed  between  the  two  plates,  it  is 
evident  that  the  H  and  0  separated  at  any  given  moment  from  each  jilato 
do  not  result  from  the  decomposition  of  one  particle  of  water,  but  from 
two  particles,  as  represented  in  fig.  19,  where  A  represents  the  particles  of 
water  lying  between  the  plates  P  and  Z  before  the  "  current"  is  passed, 
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lucl  B  the  state  of  the  particles  when  the  current  has  been  established. 
: '  is  (the  positive  pole)  in  connexion  with  the  last  platinimi  plate  of  the 
lattery,  and  Z  is  (the  negative  pole)  in  connexion  with  the  last  zinc 
I  late. 
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Fig.  19. 

The  signs  +  and  -  made  use  of  in  B  refer  to  a  common  mode  of  account- 
ing for  the  decomposition  of  water  by  the  battery,  on  the  supposition  that 
the  oxj^gen  is  in  a  negatively  electric  condition,  and  therefore  attracted  by 
the  positive  pole  P ;  whilst  the  hydrogen  is  in  a  positively  electric  condi- 
tion, and  is  attracted  by  the  negative  pole  Z. 

The  decomposition  of  compounds  by  galvanic  electricity  is  termed  elec- 
trolysis.'^  When  a  compound  of  a  metal  with  a  non-metal  is  decomposed 
in  this  manner,  the  metal  is  usually  attracted  to  the  (negative)  pole  in 
connexion  with  the  zinc  plate  of  the  battery,  whilst  the  non-metal  is 
attracted  to  the  (positive)  pole  connected  with  the  platinum  plate  of  the 
battery. 

•  Hence  the  metals  are  frequently  spoken  of  as  electro-positive  elements, 
and  the  non-metals  as  electro-negative. 

23.  If  the  passage  of  the  "  ciUTent"  be  interrupted  when  the  tube  H  has 
become  full  of  gas,  the  tube  0  will  be  only  half  full,  since  water  contairis 
hydrogen  and  oxygen  in  the  proportion  of  two  volumes  of  hydrogen  to  one 
volume  of  oxygen.  When  the  wider  portions  of  the  tubes  (fig.  16)  are 
also  filled,  the  two  gases  may  be  distinguished  by  opening  the  stop-cocks 
in  succession,  and  presenting  a  burning  match.  The  hydrogen  will  be 
known  by  its  kindling  with  a  slight  detonation,  and  burning  with  a  very 
pale  flame  at  the  jet ;  whilst  the  oxygen  will  very  much  increase  the  bril- 
liancy of  the  burning  match,  and  if  a  spark  left  at  the  extremity  of  the 
match  be  presented  to  the  oxygen,  the  spark  will  be  Idndled  into  a  flame. 
The  oxygen  will  be  found  to  smell  strongly  of  ozone,  and  will  impart  a 
deep  blue  tinge  to  the  iodised  starch  paper  (see  Ozone). 

Another  method  of  effecting  the  decomposition  of  water  by  electricity 
consists  in  passing  a  succession  of  electric  sparks  through  steam.  It  is 
probable  that  in  this  case  the  decomposition  is  produced  rather  by  the 
intense  heat  of  the  spark  than  by  its  electric  influence.t 

For  this  purpose,  however,  the  galvanic  battery  does  not  suffice,  since 
no  spark  can  be  passed  through  any  appreciable  interval  between  the  wii-es 
of  the  battery,  a  fact  which  electricians  refer  to  in  the  statement  that 
although  the  quantity  of  electricity  developed  by  the  galvanic  battery  is 
large,  its  intensity  is  too  low  to  allow  it  to  discharge  itself  in  sparks  like 
the  electricity  from  the  machine  or  from  the  induction-coil,  wliich  pos- 
sesses a  very  high  intensity,  though  its  quantity  is  small. 

24.  The  most  convenient  instrument  for  producing  a  succession  of  elec- 

•  "WXcKTpov  (amber— root  of  declricUy) ;  Xi'im,  to  Ioosgti. 

t  Tliat  a  very  intense  heat  is  capable  of  docoinposing  water  into  its  elements  has  lonir 
been  kno^n,     When  globules  of  melted  platin.nu  are  dropped  into  wateT  bu  ble 
hydrogen  and  oxygen  are  disengaged.  '  """"'es  oi 
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trie  sparks  is  tlie  indiicHon-eoil,  by  the  aid  of  wluch  the  electric  mfluence 
of  even  a  sinde  ceU  of  the  galvanic  battery  may  be  so  accumulated  as  to 
become  capable  of  discharging  itself  in  sparks,  such  as  are  obtamed  from 
the  electrical  machine.* 

Fig.  20  represents  tLe  arrangement  for  exhibiting  the  decomposition  of  steam  by 
the  electrHj^spark  ^^^^  furnished  with  a  cork  in  which  three  holes  are  bored  ;  in  one 
of  these  is  inserted  the  bent  glass  tube  B,  which  dips  beneath  the  surface  of  the  water 
in  the  trough  0. 


D  and  E  are  glass  tubes,  in  each  of  which  a  platinum  wire  has  been  sealed  so  as 
to  project  about  an  inch  at  both  ends  of  the  tube.  These  tubes  are  thrust  through 
the  holes  in  the  cork,  and  the  wires  projecting  inside  the  flask  are  made  to  approach 
to  within  about  tV  inch,  so  that  the  spark  may  pass  easily  between  tliem. 

The  flask  is  somewhat  more  than  half  filled  with  water,  the  cork  inserted,  and  the 
tube  B  allowed  to  dip  beneath  the  water  in  the  trough  ;  the  wires  in  D  and  E  being 
connected  with  the  thin  copper  wires  passing  from  the  induction-coil  F,  which  is 
connected  by  stout  copper  wires  with  the  smaU  battery  G. 

The  water  in  the  flask  is  boiled  for  about  fifteen  minutes,  until  all  the  air  con- 
tained in  the  flask  has  been  displaced  by  steam.  When  this  is  the  case,  it  will  be 
found  that  if  a  glass  test-tube  (E)  filled  with  water  be  invertedf  over  the  orifice  of 
the  tube  B,  the  bubbles  of  steam  will  entirely  condense,  with  the  usual  sharp  rattling 
sound,  and  only  insignificant  bubbles  of  air  will  rise  to  the  top  of  the  test-tube.  If 
now,  whilst  the  boiling  is  still  continued,  the  handle  of  the  coil  (F)  be  turned  so 
as  to  cause  a  succession  of  sparks  to  pass  through  the  steam  in  the  flask,  large 
bubbles  of  incondensable  gas  will  accumulate  in  the  tube  H.  This  gas  consists  of 
the  hydrogen  and  oxygen  gases  in  a  mixed  state,  having  been  released  from  their 
combined  condition  in  water  by  the  action  of  the  electric  sparks.  The  gas  may  be 
tested  by  closing  the  mouth  of  the  tube  H  with  the  thumb,  raising  it  to  an  upright 
position,  and  applying  a  lighted  match,  when  a  sharp  detonation  will  indicate  the 
recombination  of  the  gases.  J  ^ 

25.  In  the  preceding  experiments,  the  force  of  chemical  attraction 
holding  the  particles  of  oxygen  and  hydrogen  together  in  the  form  of 
water,  has  been  overcome  by  the  physical  forces  of  heat  and  electricity. 
But  water  may  be  more  easUy  decomposed  by  acting  upon  it  with  some 
element  which  has  a  sufficiently  powerful  chemical  attraction  for  the  oxygen 
of  water  to  draw  it  away  from  the  hydrogen. 

*  For  a  description  of  the  induction-coil,  see  Miller's  "  Elements  of  Chemistry,"  Part  I. 
p.  532. 

t  The  end  of  the  tube  B  should  be  bent  upwards  aud  tlu-ust  into  a  perforated  cork  with 
notches  cut  down  the  sides.  Bv  slipping  this  cork  into  the  neck  of  the  test-tube,  the  latter 
wUl  he  held  firmly. 

t  Witli  a  powerful  coil,  a  cubic  inch  of  explosive  gas  may  he  collected  in  about  fifteen 
minutes. 
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¥o  non-metallic  element  is  capable  of  abstracting  the  oxygen  from  water 
it  tlie  ordinary  temperature. 

Among  the  practically  important  metals,  the  five  wliich  have  been 
mentioned  as  undergoing  oxidation  in  dry  au-  at  the  ordinary  temperature, 
rffect  the  immediate  decomposition  of  water. 

Metals  which  decompose  water  at  the  ordinary  temperature— Voia^ssmm, 
Sodiimi,  Barium,  Strontium,  Calcium. 

Wlien  a  piece  of  potassium  is  tlu'own  upon  water  it  takes  lire  and  burns 
with  a  fine  violet  flame,  floating  about  as  a  melted  globule  upon  the  surface 
^  if  the  water,  combining  with  the  oxygen,  and  producing,  in  the  act  of 
ombination,  enough  heat  to  kindle  the  hydrogen  as  it  escapes.^  The 
N'iolet  colour  of  the  flame  is  due  to  the  presence  of  a  little  potassium  in 
the  form  of  vapour.  The  water  will  be  found  to  change  red  litmus  paper 
to  blue,  from  the  presence  of  the  alkali  potash  (KO)  formed  by  the  com- 
bination of  the  potassium  with  the  oxygen.  The  decomposition  of  the 
water  is  expressed  by  the  equation 

HO  -f  K  =  KO  +  H 

Water.  Potash. 

from  which  we  learn  that  one  combining  weight  (39  parts)  of  potassiiun 
has  been  substituted  for  one  combining  weight  (1  part)  of  hydrogen.  39 
parts  by  weight  of  potassium,  therefore,  have  the  same  power  as  1  part  of 
liydrogen,  to  combine  with  8  parts  (one  combining  Aveight)  of  oxygen.  It 
is  found  that  whenever  potassium  takes  the  place  of  hydrogen  in  a  com- 
pound, 39  parts  of  the  former  are  exchanged  for  one  of  the  latter,  and  this 
is  generally  expressed  by  stating  that  39  is  the  chemical  equivalent  of 
potassium. 

(Def. — The  chemical  equivalent  of  a  metal  expresses  the  weight  which 
is  required  to  be  substituted  for  one  part  by  weight  of  hydrogen  in  its 
compounds.) 

The  action  of  potassiiun  upon  water  is  an  example  of  the  production  of 
compounds  by  substitution  of  one  element  for  another,  a  mode  of  forma- 
tion which  is  far  more  common  than  the  production  of  compounds  by 
direct  combination  of  their  elements. 

Sodium  has  a  less  powerful  attraction  for  oxygen  than  potassium,  and 
does  not  usually  take  fire  when  thrown  into  cold  water,  although  it  is  at 
once  fused  by  the  heat  evolved  in  its  combination  with  the  oxygen.  By 
holding  a  lighted  match  over  the  globule  as  it  swims  upon  the  water,  the 
hydrogen  may  be  kindled,  when 
its  flame  is  bright  yellow  from  the 
presence  of  the  sodium.  The  solu- 
tion wdl  be  found  strongly  alkaline 
from  the  soda  produced.  By  plac- 
ing the  sodium  on  a  piece  of  blotting 
paper  laid  on  the  water,  it  may  be 
made  to  ignite  the  hydrogen  spon- 
taneously, because  the  paper  keeps 
it  stationary,  and  prevents  it  from 
beingso  rapidly  cooled  by  the  water. 
Several  cubic  inches  of  hydrogen 
may  easily  be  collected  by  placing 
a  piece  of  sodium  as  large  as  a  bean 
in  a  small  wire-gauze  box  (A,  fig.  21),  and  holding  it  under  an  inverted 
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cylinder  (B)  filled  with  water  and  standing  upon  a  bee-hive  shelf.  The 
equation  representing  the  action  of  sodium  upon  ■water, 

■  HO  +         =  NaO  +  H 

Water.  Soda. 

shows  that  one  combining  weight  (23  parts)  of  sodium  is 'substituted  for 
one  combining  weight  (1  part)  of  hydi'ogen,  and,  in  accordance  with  the 
definition  above  given,  23  is  the  chemical  equivalent  of  sodium. 

Barium,  strontium,  and  calcium  decompose  water  less  rapidly  than 
potassium  and  sodium ;  the  residts  of  their  action  upon  water  are,  respec- 
tively, baryta  (BaO),  strontia  (SrO),  and  hme  (CaO).  These  substances 
have  strongly  alkaline  characters,  but  as  they  are  far  less  soluble  in  water 
than  potash  and  soda,  they  have  been  distinguished  as  alkaline  eartlis. 

The  tendency  of  heat  to  produce  the  union  of  metals  with  oxygen  being 
known,  it  might  be  expected  that  metals  which  refuse  to  decompose  water 
at  the  ordinary  temperature,  woidd  be  induced  to  do  so  if  the  temperature 
were  raised,  and  accordingly  magnesiimi  and  manganese,  which  are  without 
action  upon  cold  water,  decompose  it  at  the  boiling  iwint,  disengaging 
hydrogen,  and  producing  magnesia  (MgO,  a  feebly  alkaline  earth)  and 
oxide  of  manganese  (MnO). 

_  But  the  greater  number  of  the  common  metals  must  be  raised  to  a  much 
higher  temperature  than  this  in  order  to  enable  them  to  decompose  water. 
The  following  metals  will  abstract  the  oxygen  from  water  at  high  tem- 
peratures, those  at  the  commencement  of  the  list  requiring  to  be  heated  to 
redness  (about  1000°  F.),  and  the  temperature  required  progressively  in- 
creasing, until  it  attains  whiteness  for  those  at  the  end  of  the  list. 

_  Metals  tvhich  decompose  luater  at  a  temjperature  above  a  red  heat. — 
Zinc,  Iron,  Chromiiun,  Cobalt,  Mckel,  Tin,  Antimony,  Aluminum,  Lead, 
Bismuth,  Copper. 

The  noble  metals,  as  they  are  called,  which  exhibit  no  tendency  to 
oxidise  in  air,  are  incapable  of  removing  the  oxygen  from  water,  even  at 
high  temperatures. 

Metals  luhich  are  incapable  of  decompos'ing  water. — Mercury,  Silver, 
Gold,  Platinum. 


Fig.  22.— Preparation  of  hydrogen  from  steam. 

hydrogen.— ThQ  simplest  process,  chemically 
nJp.  lof'i  /•^''■'^^'''''fS  hydi'ogen  in  quantity,  consists  in  passing  steam 
over  led-hot  jron.    An  iron  tube  (A,  fig.  22)  is  filled  with  iron  nails  and 
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lixod  across  a  fiu'nace  (B),  in  wliicli  it  is  heated  to  redness  by  a  charcoal 
lire.  A  cixrrent  of  steam  is  then  passed  through  it  by  boiling  the  water  in 
i  lie  tiask  (C),  wliicli  is  connected  with  the  hon  tube  by  a  glass  tube  (D) 
,iud  perforated  corks.  The  hydrogen  is  collected  from  the  glass  tube  (G) 
in  cylinders  (E)  filled  with  water,  and  inverted  in  the  trough  (F)  upon 
the  bee-hive  shelf  (H),  the  first  portions  being  allowed  to  escape,  as  con- 
taining the  air  in  the  apparatus.  The  iron  combines  with  the  oxygen  of 
the  water  to  form  the  black  oxide  of  iron  (FegO.,),  which  will  be  found  in 
a  crystalline  state  upon  the  surface  of  the  metal.  The  decomposition  is 
represented  by  the  equation 

4H0   +    Ye,     =     -Fe,0,    +  II, 

Water.  Clack  oxide  of  iron. 

fi'om  which  it  woiild  appear  that  tliree  combining  weights  (28  x  3  =  84 
parts)  of  iron  are  substituted  for  four  combining  weights  (4  parts)  of 
hydrogen;  and  according  to  the  definition  given  above,  the  chemical 
equivalent  of  iron  should  be  expressed  by  21j  that  being  the  weight  re- 
quired to  be  substituted  for  1  part  of  hydrogen.  Since,  however,  this  is 
found  to  be  the  only  case  in  wliich  iron  displaces  hydrogen  in  this  pro- 
portion, it  is  better  to  represent  the  action  of  water  upon  red-hot  iron  as 
talcing  place  in  two  successive  stages,  of  which  the  first  is  represented  by 
the  equation 

HO  +  Fe  =  FeO  -f  H 

Water.  Ferrous  oxide. 

and  the  second  by 

HO    -f    3  FeO       =       Fe^O,     -f  H* 

Ferrous  oxide.  Black  oxide  of  iron. 

According  to  the  first  of  these  equations,  one  combining  weight  (28 
parts)  of  iron  is  substituted  for  one  comloining  weight  of  hydrogen,  and, 
accordingly,  28  would  represent  the  chemical  equivalent  of  iron. 

The  process  by  which  hydrogen  is  most  commonly  prepared  depends 
upon  the  circumstance,  that  many  of  those  metals  which  are  able  to  de- 
compose water,  either  at  ordinary  or  elevated  temperatures,  wiH  also 
decompose  it  in  the  presence  of  an  acid  without  the  assistance  of  heat. 

Metals  which  decompose  ivater  at  the  ordinary  temperature  in  the  pre- 
sence of  an  acid. — Potassium,  Sodium,  Barium,  Strontium,  Calcium,  Mag- 
nesium, Manganese,  Zinc, 
Iron,  Chromium,  Cobalt, 
Nickel. 

Zinc  is  the  most  conve- 
nient metal  to  employ  for  the 
preparation  of  hydrogen  in 
this  way.  It  is  used  either  in 
small  fragments  or  cuttings, 
or  as  granidated  zinc,  pre- 
pared by  melting  it  in  a  ladle 
and  ])ouring  it  from  a  height 
of  three  or  four  feet  into  a 
paUful  of  water.  The  zinc 
is  placed  in  the  bottle 
(A,  fig.  23),  covered  with 
water  to  the  depth  of  two 

*  Thi.s  view  is  supported  by  the  fact  tbat  FcO  (proto.xido  of  iron),  wlion  prepared  b 
other  processes,  is  capable  of  decomposing  water  in  accordance  with  tlie  sci  ond  equation. 


Fig.  23.— Preparation  of  hydrogen. 
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or  three  inches,  and  dihited  sulphuric  acid  slowly  poured  in  through  the 
funnel  tube  (B)  until  a  pretty  brisk  effervescence  is  observed.  The 
hydrogen  is  vmable  to  escape  through  the  funnel  tube,  since  the  end  of 
it  is  beneath  the  surface  of  the  water,  but  it  passes  ofi'  through  the  bent 
tube  (C),  and  is  collected  over  water  as  usual,  the  first  portions  being 
rejected  as  containing  air.  The  chemical  change  is  expressed  in  the 
equation 

HO  .  SO,  +  Zn  =  ZnO  .  SO3  +  H 

Sitlphuric  acid  Sulphate  of  zinc 

combined  with  water. 

from  which  it  appears  that  one  combining  weight  (32-8  parts)  of  zinc  is 
substituted  for  one  combining  weight  (1)  of  hydrogen,  and  that  32-8  re- 
presents the  chemical  equivalent  of  zinc* 

By  evaj)orating  the  larger  excess  of  water  from  the  solution  left  in  the 
bottle,  crystals  of  sidphate  of  zinc  (white  vitriol)  may  be  obtained.  It 
would  not  be  possible  to  fulfil  the  above  equation  without  adding  a  great 
deal  more  water  than  is  there  represented,  in  order  to  dissolve  the  sul- 
phate of  zinc. 

It  will  be  noticed  that  the  liquid  becomes  very  hot  during  the  actioDr 
of  the  acid  npon  the  zinc,  the  heat  being  produced  by  the  combination 
which  is  taking  place.  The  black  flakes  wliich  separate  during  the  solu- 
tion of  the  zine  consist  of  metallic  lead,  which  is  always  present  in  the- 
zinc  of  commerce,  and  much  accelerates  the  evolution  of  hydrogen  by 
causing  galvanic  action.  Pure  zinc  placed  in  contact  "vvith  diluted  sulphuric 
acid  evolves  hydrogen  very  slowly. 

Iron  might  be  used  instead  of  zinc,  and  the  solution  when  evaporated 
would  then  deposit  crystals  of  green  vitriol  or  copperas  (sulphate  of  iron 
FeO .  SOg),  the  action  of  iron  upon  water  in  the  presence  of  sulphuric 
acid  being  represented  by  the  equation 

HO  .  SO3  +  Fe  =  FeO .  SO3  +  H 

Sulphuric  acid  c„i„i,„*„  „r 

combined  with  water.  Sulphate  of  iron. 

which  shows  that  one  combining  weight  (28)  of  iron  has  taken  the  place 
of  one  combining  weight  of  hydrogen.  28  would  then  be  the  chemical 
equivalent  of  iron. 

27.  Physical  properties  of  hydrogen. — This  gas  is  permanent,  invisible, 
and  inodorous  when  pure.  The  hydrogen  obtained  by  the  ordinary 
methods  has  a  very  disagreeable  smell,  caused  by  the  presence  of  minute 
quantities  of  compounds  of  hydrogen  with  sulphur,  arsenic,  and  carbon ; 
but  the  gas  prepared  with  pm-e  zinc  and  sulphmic  acid  is  quite  free  fi-oni 
smeU.  The  most  remarkable  physical  jaroperty  of  hydi'ogen  is  its  light- 
ness. It  is  the  lightest  of  all  kinds  of  matter.  The  specific  gravity  of 
hydrogen  is  0'0692,  so  that  it  is  about  ^  as  heavy  as  air.  Tliis  lightness 
would  strongly  recommend  hydrogen  as  the  imit  of  comparison  for  the 
specific  gi-avities  of  gases,  and  theoretical  considerations  would  compel 
the  admission  of  an  elementary  standard  in  place  of  a  somewhat  variable 
mixture  like  atmospheric  air.  But  since  the  hydrogen  required  to  fiU.  a 
pmt  globe  Aveiglis  only  three  quarters  of  a  grain,  whilst  tlie  same  volume 

*  Many  explanations  liave  been  olTered  to  .account  for  tlie  circumstance  that  the  Zn  will 
decompose  HO  in  the  presence  of  SO,,  althougli  tliis  latter  has  no  attraction  for  either  of 
the  elements  of  the  HO.  One  of  the  'most  satisfactory  appears  to  be  that  which  refers  the 
decomposition  to  the  attraction  of  tlie  Zn  for  the  group  represented  by  [OSO,],  which  is 
greater  tlian  the  attraction  of  H  for  the  .same  group,  whilst  the  attraction  of  H  ibr  0  alone, 
at  the  ordmary  temperature,  is  greater  than  that  of  Zn  for  0. 
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of  air  weighs  ten  grains  and  three  quarters,  it  will  be  seen  that  no  balance 
(if  even  considerable  acciu-acy  could  be  depended  upon  for  the  practical 
determination  of  the  specific  gravities  of  gases  if  hydrogen  were  the 
stixudard  employed. 

In  calculating  tlio  weights  and  volumes  of  gases,  it  will  be  found  of  great  service  to 
remember  that  one  grain  of  hydrogen  measures  46-73  cub.  in.  at  60°  F.  and  30  in.  Bar. 

Tlie  liglitness  of  hydrogen  may  be  demonstrated  by  many  interesting  experiments. 
Soiip  bubbles  or  small  balloons  ^of  collodion  for  example)  will  ascend  very  rapidly  if 
inflated  with  hydrogen.  A  light  beaker  glass  may  be  accurately  weighed  la  a  pair 
of  scales  ;  it  may  then  be  held  with  its  mouth  downwards,  and  hydrogen  poured  up 
into  it  from  another  vessel.  If  it  be  then  replaced  upon  the  scale-pan  with  its 
mouth  downwards,  it  will  be  found  very  much  lighter  than  before.  Another  form 
of  the  experiment  is  represented  in  fig.  24,  where  a  light  glass  shade  has  been  sus- 
pended from  the  balance  and  counterpoised,  the  equilibrium  being,  of  course,  at  once 


Fig.  24. 


disturbed  when  hydrogeu  is  poured  up  into  the  shade.  If  a  jar  full  of  hydrogen  be 
held  with  its  mouth  downwards,  and  a  piece  of  smouldering  brown  paper  held  under 
it,  the  smoke,  which  would  rise  freely  in  the  air,  is  quite  unable  to  rise  through  the 
hydrogen,  and  remains  at  the  mouth  of  the  jar. 

28.  It  will  be  observed,  in  these  experiments,  that  the  gas  gradually' 
falls  out  of  the  jar,  notwithstandhig  its  lightness,  and  is  replaced  by  air. 
This  is  accounted  for  by  a  physical  property  belonging  to  aU  gases  (and 
vapours)  called  difusiUlity,  which  may  be  defined  as  the  tendency  of  the 
jjurticles  of  a  gas  to  separate  as  far  as  x)Ossihle  from  each  other.  If  a  jar 
of  hydrogen  were  placed  with  its  mouth  dowmvards  over  a  jar  of  air,  this 
mutual  repulsion  among  the  particles  of  each  gas  would  cause  it  to  diffuse 
itself  equally  throughout  both  jars,  so  that,  eventually,  as  much  hydrogen 
would  be  found  in  the  lower  jar  as  if  it  had  been  completely  exhausted  of 
air  before  the  commencement  of  the  experiment.  This  is  often  exjircssed 
by  the  statement  that  one  gas  acts  as  a  vacuum  to  another,  which  is  true 
as  far  as  the  idtimate  result  is  concerned,  though,  of  course,  the  time 
occupied  by  the  passage  of  a  gas  into  a  vacuum  would  be  far  less  than 
that  required  for  its  passage  into  another  gas.    Even  if  the  two  jars  be 
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connected  only  by  a  tube  witli  the  narrowest  passage  ijossible,  the  same 
result  would  be  arrived  at,  but  after  a  longer  jDcriod.    If  the  two  gases 

were  sei^arated  by  a  plate  of  some  material  having 
no  visible  passages,  such  as  paper,  or  plaster  of 
Paris,  a  complete  interchange  would  still  take 
place,  and  after  a  time  each  gas  would  be  found 
equally  distributed  thi'ough  both  jars.  By  thus 
iaterposing  a  porous  obstacle  so  as  to  retard  the 
diffusion  of  the  gas,  the  rapidity  with  which  tlie 
particles  of  gases  separate  from  each  other  in  con- 
sequence of  this  mutual  repulsion  may  be  ascer- 
tained. The  diffusion  tube  (fig.  25)  employed  for 
this  purpose  is  a  glass  tube  (A)  closed  at  one 
end  by  a  plate  of  plaster  of  Paris  (B).  If  this 
tube  be  filled  with  hydrogen,*  and  its  open  end 
immersed  in  coloured  water,  the  water  ^^all  be  ob- 
served to  rise  rapidly  in  the  tube,  on  account  of 
the  rapid  escape  of  the  hydrogen  tkrough  the  pores  of  the  plaster.  The 
external  air,  of  course,  passes  iuto  the  tube  tlii'ough  the  pores  at  the  same 
time,  but  much  less  rapidly  than  the  hydrogen  passes  out,  so  that  the 
ascent  of  the  column  of  water  (C)  marks  the  difference  between  the  volume 
of  hydrogen  which  passes  out,  and  that  of  air  which  passes  into  the 


Fig.  25. 


Fig.  26. — Separation  of  hydrogen  and  oxj-geu  by  atniolysis.f 

tube  in  a  given  time,  and  allows  a  measurement  to  be  made  of  the  rate  of 
diffusion;  that  is,  of  the  velocity  with  Avhich  the  gas  issues  on  accoimt  of 
tJie  repulsion  among  its  particles,  as  compared  with  the  velocity  mth 

Pile  JI)Tshp!^t  ?nof,^  "^'^'^  displacement  (see  fig.  30),  in  order  not  to  wet  the  plaster.  A 
Zmenceltii  iU^^^o^J^^^     '^'"^        t''^''  Pl^^*"'  o*'  P<^^^>  ^0  that  diffusio^n  may  not 

X^t.'to'Tooseu!  '''''        "^'^'"'^'^     ^^"^  separation  of  gases  by  diffusion  ;  At/uo'?,  mpotir- 
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whicli  the  air  enters,  this  velocity  being  always  taken  as  unity.*  To  deter- 
mine the  rate  of  diffusion,  it  is  of  coiu'se  necessary  to  maintaui  the  Avater 
at  the  same  level  mthin  and  without  the  diffusion  tube,  so  as  to  exclude 
the  influence  of  pressiu-e. 

Experiment  has  established  the  law  that 
the  rates  of  diffusion  of  yases  are  inversely 
as  the  square  roots  of  their  specific  gravi- 
ties ;  for  example,  the  specific  gravities  of 
oxygen  and  hydi-ogen  stand  to  each  other 
in  the  ratio  of  16  :  1 ;  the  ratio  of  their 
square  roots  will  therefore  be  4  :  1,  and 
their  rates  of  diffusion  will  be  in  the  in- 
verse ratio,  or  1  :  4  j  that  is,  hydrogen 
woidd  escape  thi'ough  minute  openings  with 
four  times  the  velocity  of  oxygen;  and 
laboratory  experience  shows  that  a  cracked 
jar,  or  a  bottle  witli  a  badly  fitting  stop- 
per, may  often  be  used  to  retain  oxygen, 
but  not  hycU'ogen.  Again,  the  specific 
gravities  of  air  and  hydrogen,  being  respec- 
tively 1  and  "069,  their  rates  of  diffusion 

will  be  1  and  -7==  or  3-8,  so  that  in  the 
V  •(Jfa9 

experiment  with  the  diffusion  tube,  3-8 
cubic  inches  of  hydrogen  woidd  pass  out, 
whilst  1  cubic  inch  of  air  passed  in ;  and 
if  the  influence  of  pressure  be  excluded, 
2-8  cubic  inches  of  water  would  enter  the 
tube. 

The  great  difference  in  the  rates  of  diffusion 
of  hydrogen  and  oxygen  may  be  easily  shown 
by  the  arrangement  represented  in  fig.  26.  A 
is  a  jar  filled  with  a  mixture  of  two  volumes  of 
oxygen  with  one  volume  of  hydrogen,  communi- 
cating through  the  stop-cock  and  flexible  tube 
with  the  glass  tube  B,  which  is  fitted  tlirougli 
a  perforated  cork  in  the  bowl  of  the  common 
tobacco  pipe  C,  the  sealing-waxed  end  of  which 
dips  under  water  in  the  trough  D.  By  opening 
the  stop-cock  and  pressing  the  jar  down  in  the  water,  the  mixed  gases  may  be  forced 
rapidly  through  the  pipe,  and  if  a  small  cylinder  (E)  be  filled  with  them,  the  mixture 
will  be  found  to  detonate  violently  on  the  approach  of  a  flame.  But  if  the  gas  bo 
made  to  pass  very  slowly  through  the  pipe  (at  the  rate  of  about  a  cubic  inch  per 
minute),  the  hydrogen  will  diffuse  through  tlie  pores  of  the  pipe  so  much  faster  than 
tlie  oxygen,  that  the  gas  collected  in  the  cylinder  will  contain  so  little  hydrogen  as 
to  bo  no  longer  explosive,  and  to  exhibit  the  property  of  oxygen  to  rekindle  a  partly 
extinguished  matcli.t 

Another  very  striking  illustration  of  the  high  rate  of  diffusion  of  hydrogen  is 
arranged  as  represented  in  fig.  27.    A  is  a  cylinder  of  porous  earthenware  (such  as 

*  Air  being  a  mixture  of  nitrogen  and  oxygen,  its  rate  of  dilTusiou  is  intermediate  between 
the  rates  ol  those  gases  ;  liowuver,  since  tliu  proportions  of  the  gases  are  very  uearlv  con 
stant,  no  error  of , 'my  niagiiitudc,  arises.  ^ 

t  Caoutchouc  and  varnished  silk,  being  impervious  to  air,  do  not  permit  ordinary  dilVu- 
sion  to  take  phace  througli  them.  Yet  they  are  capaljle  of  transmitting  gases  bv  a  rieculiar 
inode  ol  action,  which  may  be  compared  to  tlieir  power  of  tnmsniitting  etlier  and  otiier 
liquKls  capable  of  wetting  them.  Jii  this  manner  o.vygen  has  been  found  to  bo  transmitted 
more  rapidly  than  nitrogen,  so  that  by  placing  atmospheric  air  in  contact  with  a  film  of 


Fig.  27. 
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are  employed  in  galvanic  batteries)  closed  at  one  end,  and  furnished  at  the  other 
with  a  perforated  bung,  through  which  passes  a  glass  tube  B,  about  three  feet  long, 
and  half  an  inch  in  diameter.  The  bung  is  made  air-tight  by  coating  it  with  seal- 
ing wax  dissolved  in  spirit  of  wine.  This  tube  being  supported  so  that  its  lower 
end  dips  about  an  inch  below  the  surface  of  water,  a  jar  of  hydrogen  is  held  over 
the  porous  cylinder,  when  the  self-repulsion  of  the  particles  of  the  gas  is  mani- 
fested by  their  being  forced  (not  only  out  of  the  mouth  of  the  jar  C,  which  is  open 
at  the  bottom,  but  also)  through  the  pores  of  the  earthenware  jar,  the  air  from  whicli 
is  violently  driven  out,  as  if  by  blowing,  through  the  tube,  and  is  seen  bubbling  up 
rapidly  through  the  water.  When  the  air  has  ceased  to  bubble  out,  and  a  large 
volume  of  hydrogen  has  entered  the  porous  jar,  the  bell-jar  C  is  removed,  when 
the  hydrogen  escapes  so  rapidly  through  the  pores,  that  a  column  of  twenty  or 
thirty  inches  of  water  is  drawn  rapidly  up  the  tube  B.  If  the  greatest  height 
to  which  the  water  ascends  be  marked,  and  when  it  has  returned  to  its  former 

level,  a  jar  of  coal-gas  be  held  over  the  porous  cylinder, 
it  will  be  found  that  the  above  phenomena  are  mani- 
fested in  a  much  lower  degree,  showing  that  coal-gas, 
being  heavier  than  hydrogen,  does  not  pass  nearly  so 
rapidly  through  the  pores  of  the  earthenware  as  hydrogen 
does. 


29.  CJiemical  properties  of  hydrogen.  —  The 
most  consiDicuous  cliemical  property  of  hj'dxogen 
is  its  dislDOsition  to  burn  in  air  when  raised  to 
a  moderately  high  temperature,  entering  into 
Pig.  28.  combination  with  the  oxygen  of  the  air  to  form 

water.    The  formation  of  Avater  during  the  com- 
bustion of  hydrogen  gave  rise  to  its  name  {vhiup,  water). 

On  introducing  a  taper  into  an  inverted  jar  of  hydrogen  (fig.  28),  the  flame  of  the 
taper  will  be  extinguished,  but  the  hydrogen  will  burn  with  a  pale  flame  at  the 
mouth  of  the  jar,  and  the  taper  may  be  rekindled  at  its  flame  by  slowly  withdraw- 
ing it. 

The  lightness  and  combustibility  of  hydrogen  may  be  illustrated  simultaneously 
by  some  interesting  experiments.  If  two  equal  gas  cylinders  be  filled  with  hydro- 
gen, and  held  with  their  mouths  respectively  upwards  and  downwards,  it  will  be 


Fig.  29. 


Fiff.  30. 


caoutchouc,  on  the  other  side  of  which  n 


r.inablp  nf  iiiom-..^ '(-i     "i/i^^'^f  lu  uuusuqucnce  01  a  Similar  action  tnat  hydrogen 

jXe  186G.r  ^"^  '  Pla"nu«i  and  iron,tubes.-(Graham,  Proc.  Roy.  Soc. 
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found,  ou  testing  each  with  a  taper  after  the  same  interval,  that  the  liydrogen  lias 
tmtirely  escaped  from  the  cylinder  licld  witli  its  moutli  upwards,  whilst  tlie  other 
still  remains  nearly  filled  with  the  gas. 

Q'he  hydrogen  may  be  scooped  out  of  the  jar  A  (fig.  29)  with  the  small  cylinder 
B  attached  to  a  handle.  On  removing  B,  and  applying  a  taper  to  it,  the  gas  will 
take  Are. 

A  cylinder  may  he  filled  with  hydrogen  by  displacement  of  air  (fig.  30),  if  the 
tube  from  the  hydrogen  bottle  bo  passed  up  into  it. 

If  such  a  dry  cylinder  of  hydrogen  be  kindled  whilst  held  with  its  mouth  down- 
wards, the  formation  of  water  during  the  combustion  of  the  hydrogen  will  be  indi- 
cated by  the  deposition  of  dew  upon  the  sides  of  the  cylinder. 

By  softening  a  piece  of  glass  tube  in  the  flame  of  a  spirit-lamp,  drawing  it  out, 
and  filing  it  across  in  the  nar- 
rowest part  (fig.  31),  a  jet  can  be 
made  from  which  the  hydrogen 
may  be  burnt.  This  jet  may 
be  fitted  by  a  perforated  cork  to 
any  common  bottle  for  contain- 
ing the  zinc  and  sulphuric  acid  Fig.  31. 
(fig.  32). 

The  hydrogen  must  be  allowed  to  escape  for  some  minutes  before  applying  a 
light,  because  it  forms  an  explosive  mi.xture  with  the  air  con- 
tained in  the  bottle.  This  may  be  proved,  without  risk,  by 
placing  a  little  granulated  zinc  in  a  soda-water  bottle,  pour- 
ing upon  it  some  diluted  sulphuric  acid,  and  quickly  insert- 
ing a  perforated  cork,  carrying  a  piece  of  glass  tube  about 
three  inches  long,  and  one-eighth  of  an  inch  wide.  If  this 
tube  be  immediately  applied  to  a  flame,  the  mixture  of  air 
and  hydrogen  will  explode,  and  the  cork  and  tube  will  be 
projected  to  a  considerable  distance. 

By  inverting  a  small  test-tube  over  the  jet  in  fig.  32,  a 
specimen  of  the  hydrogen  may  be  collected,  and  may  be 
kindled,  to  see  if  it  burns  quietly,  before  lighting  the  jet. 

A  dry  glass,  held  over  the  flame,  will  collect  a  considerable 
quantity  of  water,  formed  by  the  combustion  of  the  hydrogen.  Pig-  32. 

The  001111)11811011  of  hydrogen  produces  a  greater  heating  effect  than  that 
of  an  equal  weight  of  any  other  combustible  body.    It  has  been  deter- 
mined that  1  gr.  of  hydrogen,  in  the  act  of  combining  with  8  grs.  of 
oxygen,  produces  enough  heat  to  raise  62,031  grs,  of  water  from  32°  F 
to  33°  F.  (or  34,462  grs.  from  0°  C.  to  1°  C.) 

The  temperature  of  the  hydrogen  flame  has  been  estimated  at  5898°  F., 
which  is  higher  than  that  of  any  other 
single  flame  with  which  we  are  ac- 
quainted. 

Notwithstanding  its  high  temperature, 
the  flame  of  hydrogen  is  almost  devoid 
of  illuminating  power,  on  account  of  the 
absence  of  soUd  particles. 

30.  If  a  taper  be  held  several  inches 
above  a  cylinder  of  hydrogen,  standing 
with  its  mouth  upwards,  the  gas  will  be 
kindled  with  a  loud  explosion,  because 
an  explosive  mixture  of  hydrogen  and  air 
is  formed  in  and  around  the  mouth  of  the 
cylinder. 

If  a  stoppered  gas  jar  (fig.  33)  be  filled  with  Fig.  33. 

hydrogen,  and  supported  upon  three  blocks,  it 

will  be  found,  if  the  hydrogen  be  kindled  at  the  neck  of  the  jar,  tliat  it  will  burn 


32 


EXPLOSION  OF  HYDROGEN  AND  AIR. 


quietly  until  air  lias  entered  irom  below  in  sufficient  proportion  to  form  an  explosive 
mixture,  which  will  theu  explode  with  a  loud  report.  ,  , 

The  same  experiment  may  be  tried  on  a  smaller  scale  with  the  two-necked  copper 
vessel  (Ak-  34),  the  lower  aperture  being  opened  some  lew 
seconds  after  the  hydrogen  has  been  kindled  at  the  upper 


one. 


Fig.  34. 


The  explosion  of  the  mixture  of  hydrogen  and 
air  is  due  to  the  sudden  expansion  caused  by  the 
heat  generated  in  the  combination  of  the  hydi'ogen 
with  the  oxygen  throtighout  the  mixture.  After 
the  explosion  of  the  mixture  of  hydrogen  and  air 
(oxygen  and  nitrogen),  the  substances  present  are 
steam  (resulting  from  the  combiaation  of  the  hydro- 
gen and  oxygen)  and  nitrogen,  which  are  expanded 
by  the  heat  developed  ia  the  combination  to  a 
volume  far  greater  than  the  vessel  can  contain,  so  that  a  portion  of  it 
issues  very  suddenly  into  the  air  aroimd,  the  collision  with  which  pro- 
duces the  report. 

If  pure  oxygen  be  substituted  for  air,  the  explosion  will  be  more  violent, 
because  the  mixture  is  not  diluted  with  the  inactive  nitrogen.  The  cal- 
culated pressure  exerted  by  the  mixture  of  hydrogen  and  oxygen,  when 
exploded,  amounts  to  26  atmospheres,  or  390  lbs.  upon  the  square  inch, 
whilst  the  mixture  of  hydrogen  and  air  is  calculated  to  exert  a  pressure 
of  12-5  atmospheres,  or  187  lbs.  per  inch. 

The  experiment  may  be  made  safely  in  a  soda-water  bottle.  The  bottle  is  filled 
with  water,  and  inverted  with  its  mouth  beneath  the  surface  of  the  water  ;  enough 
oxygen  is  then  passed  up  into  it  to  fill  one-third  of  its  volume ;  if  the  remainder  of 
the  water  be  then  displaced  by  hydrogen,  and  the  mouth  of  the  bottle  be  presented 
to  the  flame  of  a  spirit-lamp,  a  very  violent  explosion  will  result,  attended  with  a 
vivid  blue  flash  iu  the  bottle.  If  the  mouth  of  the  bottle  be  presented  towards  a,  disc 
of  paper,  previously  suspended  at  a  distance  of  20  or  30  inches,  the  paper  will  be 
violently  torn  to  pieces,  bearing  witness  to  the  concussion  between  the  expanded 
steam  issuing  from  the  bottle  and  the  external  air. 


Fig.  35. 

If  some  of  the  mixture  ho  introduced  into  a  capped  jar,  provided  with  a  piece- of 
caoutchouc  tubing,  and  a  small  glass  tube,  and  pressed  down  in  a  trough  of  water, 
soap-bubbles  may  be  inflated  with  it,  which  will  ascend  rapidly  in  the  air,  and  ex- 
plode violently  when  touched  with  a  flame  (fig.  35). 


! 
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Fig.  36. 


Ill  ordur  to  ileiuoustrate  tlio  production  of  water  in  tlio  explosion,  tlio  Caven- 
"v/i  eudiometer"'  (fig.  3C)  is  employed.     This  is  a 
irong  glass  vessel,  with  a  stopper  firmly  accxired  by 
clamp  (A),  and  provided  with  two  platinum  wires 
j    I'),  which  pass  through  the  stopper,  and  approach 
very  uear  to  eacli  other  within  the  eudiometer,  so 
that  the  electric  spark  may  easily  bo  passed  between 
them.    By  screwing  the  stop-cock  B  into  tho  plate  of 
an  air-pump,  the  eudiometer  may  be  exhausted.  It 
is  then  screwed  on  to  the  jar  represented  in  fig.  37, 
which  contains  a  mixture  of  two  measures  of  hydro- 
gen with  one  measure  of  oxygen,  standing  over 
water.    On  opening  tlie  stop-cocks  between  the  two 
vessels  the  eudiometer  becomes  filled  with  the  mix- 
ture, and  the  quantity  which  has  entered  is  indicated 
I  by  the  rise  of  the  water  in  the  jar.    The  glass  stop- 
cock C  having  been  closed,  to  prevent  the  brass  cap 
from  being  forced  oft'  by  the  explosion,  the  eudio- 
meter is  again  screwed  on  to  its  foot,  and  an  electric 
spark  passed  between  the  platinum  wires,  either 
froni  a  Leydeu  jar  or  an  induction  coil,  when  the  two  gases  will  combine  with  a 
viyid  flash  of  liglit,  attended  with  a  very  slight  concussion,  since  tliere  is  no  col- 
lision with  the  external  air.    For  an  instant  a 
mist  is  perceived  within  the  eudiometer,  which 
condenses  into  fine  drops  of  dew,  consisting  of 
the  water  formed  by  the  combination  of  the 
.  gases,  which  was  here  induced  by  the  high  tem- 
perature of  the  electric  spark,  as  it  was  in  the 
:  former  experiment  by  the  high  temperature  of 

■  the  flame.  If  the  gases  have  been  mixed  in 
the  exact  proportion  of  two  measures  of  hydrogen 
to  one  measure  of  oxygen,  the  eudiometer  will 
now  be  again  vacuous,  and  if  it  be  screwed  on  to 

■  the  capped  jar,  may  be  filled  a  second  time  with 
'  the  mixture,  which  may  be  exploded  in  the  same 
:  manner. 

The  entire  disappearance  of  the  gases  may  be 
rendered  obvious  to  the  eye  by  exploding  the 
mixture  over  mercury.    For  this  purpose  the 
mixed  gases  should  be  collected  from  water  itself 
which  is  strongly  acidified  with  sulphuric  acid' 
and  decomposed  in  the  voltameter  (A,  fig.  38)  ^ig- 
by  the  aid  of  five  or  six  cells  of  Grove's  battery.    The  voltameter  contains  two 
platinum  plates  B),  attached  to  the  platinum  wires  C  and  D,  which  are  connected 
with  the  opposite  poles  of  the  battery.    The  first  few  bubbles  of  the  mixture  of 
iiyarogen  and  oxygen  evolved  having  been  allowed  to  escape,  in  order  to  displace  the 


Fig,  .38.-  -Detonating  gas  collected  from  voltameter. 

■  So  named  from  cRSto'!,  fine  or  clear,  aii.l  ,icTpo„,  a  measure,  because  an  instn.uu.i.t 
upon  tl.n  same,  pnncip  e  hns  bee,  use.I  to  detonnino.  the  rlcgroo  of  purity  rf  tl  c  a  osX^^^ 
[he  particular  ..nn  of  cudinmctor  I .oro  described  was  en"pIoycd  by  Caven  lis^3^ 
year  1/^0,  for  tli«  syntliesis  ol  water.  ^  v^avondisii  about  the 
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air,  the  gas  may  be  collected  in  the  small  eudiometer  (E),  winch  has  been  previously 
filled  with  water.  This  eudiometer  is  a  cylinder  ot  very  thick  glass,*  closed  at  one 
end,  and  having  two  stout  platinum  wires  cemented  into  holes  drilled  near  the 
closed  end,  the  #ires  approaching  suificiently  near  to  each  other  to  allow  the  passage 
of  the  electric  spark.  Having  been  filled  wi  h  the  mixture  ot  hydrogen  and  oxygen 
from  the  voltameter,  the  eudiometer  is  closed  with  the  finger,  and  transferred  to  a 
basin  containing  mercury,  where  it  is  pressed  firmly  down  upon  a  stout  cushion  of 
india-rubber  and  the  spark  passed  through  the  mixed  gases,  either  from  the  coil  or 
the  Levden  iar  The  combustion  takes  place  with  violent  concussion,  but  without 
noise  -  and  since  the  eudiometer  is  vacuous  after  the  gases  have  combined,  the 
cushion  will  be  found  to  be  very  firmly  pressed  against  its  open  end.  On  loosening 
the  cushion  the  mercury  will  be  violently  forced  up  into  the  eudiometer,  which  will 
be  completely  filled  with  it,  proving  that  when  an  electric  spark  is  passed  through 
the  mixture  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen,  no  residue  of 
gas  remains. t 

32.  The  knowledge  of  the  volumes  in  which  hydrogen  and  oxygen 
combine,  is  turned  to  account  in  the  analysis  of  gases,  to  ascertain  the 
proportion  of  hydrogen  or  oxygen  contained  in  them.  Suppose,  for  ex- 
ample, it  he  required  to  determine  the  amount  of  oxygen  in  a  sample  of 
atmospheric  air,  the  latter  is  mixed  with  hydrogen,  in  more  than  suffi- 
cient quantity  to  combme  with  the  largest  proportion  of  oxygen  which 
could  be  present,  and  when  the  combination  has  been  induced  by  the 
electric  spark,  the  voliune  of  gas  wliicli  has  disappeared  (2  vols.  H  -i-  1 
vol.  0)  has  only  to  be  divided  by  three  to  give  the  volume  of  the 
oxygen. 

A  bent  eudiometer  (fig.  39)  ia  generally  employed  for  this  purpose.  Having  been 
completely  filled  with  water,  it  is  inverted  in  the  trough,  and  the  specimen  of  air  is 
introduced  (say  0-5  cubic  inch).  The  open  limb  is  then 
closed  by  the  thumb,  and  the  eudiometer  turned  so  as  to 
transfer  the  air  to  the  closed  limb.  A  stout  glass  rod  is 
thrust  down  the  open  limb,  so  as  to  displace  enough  water 
to  equalise  the  level  in  both  limbs,  in  order  that  the 
volume  of  the  air  may  not  be  diminished  by  the  pressure 
of  a  higher  column  of  water  in  the  open  limb.  The 
volume  of  the  included  air  having  been  accurately  noted, 
the  open  limb  of  the  tube  is  again  filled  up  with  water, 
inverted  in  the  trough,  and  a  quantity  of  hydrogen  intro- 
duced, equal  to  about  half  the  volume  of  the  air.  This 
having  been  transferred,  as  before,  to  the  closed  limb,  the 
columns  of  water  are  again  equalised,  and  the  volume  of 
the  mixture  of  air  and  hydrogen  ascertained.  The  open 
limb  is  now  firmly  closed  with  the  thumb,  and  the  electric 
spark  passed  through  the  mixture,  either  from  the  Leyden  jar  or  the  induction  coil. 
On  removing  the  thumb,  after  the  explosion,  the  volume  of  gas  in  the  closed  limb 
will  be  found  to  have  diminished  very  considerably.  Enough  water  is  poured  into 
the  open  limb  to  equalise  the  level,  and  the  volume  of  gas  is  observed.  If  this 
volume  be  subtracted  from  the  volume  before  explosion,  the  volume  of  gas  which 
has  disappeared  will  be  ascertained,  and  one-third  of  this  will  represent  the  oxygen, 
which  has  condensed  with  twice  its  volume  of  hydrogen  into  the  form  of  water. 
Thus  the  numbers  recorded  will  be — 

*  The  bore  of  this  eudiometer  should  be  about  half  an  inch  m  diameter,  and  the  thick- 
ness of  its  sides  about  three-eighths  of  an  inch  ;  its  length  is  7  mchos. 

t  This  fact  may  also  be  demonstrated  with  the  siphon  eudiometer,  shown  in  fig.  39,  by 
confiuing  about  a  cubic  inch  of  the  explosive  mixture  in  the  closed  limb,  over  water,  and 
stopping  the  open  limb  securely  with  a  cork,  so  as  to  leave  a  space  filled  with  air  between 
the  covlc  and  the  water.  The  eudiometer  must  be  very  firmly  fixed  on  a  stand,  or  it  will 
be  broken  by  the  concussion.  After  it  has  been  proved,  it  maybe  held  in  the  hand,  as 
in  tlie  figure.  By  firing  mixtures  of  hydrogen  and  oxygen,  in  cUffevent  proportions,  in  the 
same  maimer,  it  may  be  shown  that  any  excess  of  either  gas  above  the  ratio  of  2  H  ;  1 0  will 
remam  uucombined  after  the  explosion. 


Fig.  39. 
Siphon  eudiometer. 
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Volume  of  air  analysed,        ....      0-50  cub.  in. 


Volume  of  air  mixed  with  hydrogen,  .  .  0-75 

After  explosion,         .....  0-45 


Difference,  1 

(f  H  and  i  0)  /  •         •         •         •        '3°  •> 

•30,  divided  by  3  =  •lO  cub.  in.  of  oxygen. 

It  is  evident  that  the  volume  of  hydrogen  contained  in  a  gas  might  be 
ascertained  in  a  simdar  manner,  by  exploding  with  oxygen,  and  taking 
two-thii-ds  of  the  gas  which  had  disappeared  in  the  form  of  water  to  re- 
present the  volume  of  hydrogen. 

In  exact  experiments,  a  correction  would  be  required  for  any  variation 
of  the  temperatm-e  or  bai'ometric  pressure  during  the  progress  of  the 
analysis. 

33.  It  will  have  been  observed,  in  the  experiment  upon  the  synthesis 
of  water  in  the  Cavendish  eudiometer,  that  the  volume  of  water  obtained 
is  very  small  in  comparison  with  that  of  the  gases  before  combination. 
But  it  is  evident  that  no  comparison  can,  with  propriety,  be  made  between 
the  volume  of  a  compound,  in  the  Kquid  or  solid  state,  and  that  of  its 
components  in  the  gaseous  state,  since  the  particles  of  the  former  are 
under  the  influence  of  the  cohesive  force  from  which  those  of  the  latter 
are  free.  For  the  purposes  of  such  a  comparison  the  volume  of  the  com- 
pound body  must  be  taken  imder  precisely  the  same  physical  conditions 
as  the  volume  of  its  components. 

If  the  mixture  of  hydrogen  and  oxygen  be  measured  and  exploded  at 
a  temperatiire  above  the  boiling  point  of  water,  it  is  found  that  the  steam 
produced  occupies  two-thii-ds  of  the  volume  of  the  mixed  gases,  measured 
at  the  same  temperature  and  atmospheric  pressure.  Hence,  tiuo  volumes 
of  hydrogen  combine  with  one  volume  of  oxygen  to  form  two  volumes  of 
aqueous  vapour,  at  the  same  temperature  and  j^ressure. 

It  very  frequently  happens,  as  in  this  instance,  that  the  volume  of  a 
compound  gas  or  vapour  is  less  than  the  sum  of  the  volumes  of  its  con- 
stituent gases. 

The  relative  volumes  in  which  the  gases  unite  coidd,  of  course,  be  in- 
ferred from  a  knowledge  of  their  specific  gravities  and  their  combining 
weights.  For  since  oxygen  (sp.  gr.  M057)  is  sixteen  times  as  heavy  as 
hydrogen  (sp.  gr.  •0692),  equal  volumes  would  give  us  sixteen  parts  by 
weight  of  the  former  to  one  of  the  latter  gas  j  and  we  must  take  tmce 
the  volume  of  hydrogen  in  order  to  obtain  the  ratio  of  their  combinino- 
weights  (8:1).  ° 

The  specific  gi-avity  of  the  vapour  of  water  can  also  be  calculated  from 
the  above  data.    Thus — 

Specific  gravity  (or  weight  of  one  volume)  of  hydrogen,  -0692 
Weight  of  two  volumes  of  hydrogen,     .   .       .  0-1384 
Specific  gravity  or  weight  of  one  volume  of 

oxygen,  1.1057 


Weight  of  two  volumes  of  the  vapour  of  water,      1  -2441 
Dividing  this  by  two,  we  obtain  for  the 

Weight  of  one  volume,  or  specific  gravity,  of 

vapour  of  water,  0-62'' 

which  agrees  with  that  obtained  by  actual  weighing. 


36  ATOMIC  CONSTITUTION  OK  WATER. 

34.  The  combmmg  volumes  of  yas^s  and  va2>ours  vein-esent  the  re- 
lative volumes  occupied  by  their  combiniug  weights.  Hence  if  one  par 
hy  weight  of  hydrogen  be  represented  as  occupying  one  volume,  eight 
parts  (the  combining  weight)  of  oxygen  must  be  represented  as  occupy- 
ing half  a  volume.  In  order  to  avoid  the  fraction  however  the  eight 
parts  of  oxygen  may  be  represented  as  occupymg  one  volume,  so  that  the  one 
part  of  hydrogen  will  correspond  to  two  volumes,  and  the  statement  wdl  be— 

Combining  volume  of  Oxygen     =  1 
„         Hydrogen  =  2 

35  Atomic  theory. — In.  seeking  for  some  explanation  of  the  fact  that  the 
relative  proportions  by  weight  and  volume  in  which  the  elements  unite 
are  fixed  and  definite,  it  occurred  to  Dalton  that  these  elements  are  really 
composed  of  a  collection  of  indivisible  particles  or  atoins*  which  pos- 
sess a  fixed  weight  for  each  element.  Thus,  if  the  weight  of  each  atom 
of  hydrogen  be  taken  as  =  1,  and  that  of  an  atom  of  oxygen  as  =  8,  it  would 
follow,  as  a  matter  of  course,  that  these  elements  must  combine  with  each 
other,  'and  with  the  other  elements,  in  proportions  represented  by  these 
numbers,  or  by  some  simple  multiples  of  them-,  since  fractions  of  atoim 
would  be  inconceivable.  _ 

This  theory  receives  very  great  support  from  the  fact  which  has  been 
elicited  by  experiment,  that  the  combining  weights  of  all  the  elements 
which  have  been  examined  in  the  state  of  vapour  or  gas  occupy  the  same 
volume  as  one  part  by  weight  of  hydrogen,  with  the  exception  of  oxygen, 
sulphur,  selenium,  phosphorus,  arsenic,  and  tellurium,  which  occupy  half 
that  volume. 

If,  therefore,  it  be  further  assumed,  that  the  atoms  of  the  different  ele- 
ments, in  the  gaseous  state,  occupy  equal  volumes,  the  atomic  theory  will 
afford  an  adequate  explanation  of  the  laws  of  combination  by  weight  and 
volume.  But,  upon  this  assumption,  the  numbers  representing  the  atonur 
weights  of  oxygen  and  the  other  exceptions  above  mentioned  would  not 
be  the  same  as  their  combining  weights  (wliich  occupy  only  half  a  volume), 
but  would  be  tivice  those  weights.t  Thus,  the  a.tomic  weight  of  oxygen 
Avould  be  16,  since  that  number  represents  a  weight  of  oxygen  occupying 
the  same  volume  as  1  part  by  weight  of  hydrogen,  though  its  equivalent 
weight  would  be  8,  which  represents  the  weight  of  oxygen  equal  ui 
chemical  value  to  1  part  of  hydi'ogen. 

The  formula  representing  the  true  atomic  constitution  of  water  therefore 
would  be  H^^  =  2  volumes  of  water,  Avhere  H^  represents  2  parts  by 
weight,  or  two  volumes,  or  two  atoms  of  hydrogen,  and  0  represents  IG 
parts,  or  one  volume,  or  one  atom  of  oxygen.  A  large  number  of  modern 
chemists  employ  such  formulaB,  which  represent  the  number  of  atoms  (or 
volumes)  of  each  element  contained  in  the  compound,  in  place  of  those 
expressing  merely  the  number  of  combining  weights  or  equivalents.  The 
atomic  formidm  are  preferable  in  speculative  chemistry  for  purposes  of 
research,  but  the  equivalent  formuloi  are  more  serviceable  in  the  practical 
applications  of  chemistry,  and  will  therefore  be  more  generally  adopted  in 
these  pages. 

The  belief  in  the  existence  of  atoms  is  supported  by  the  circumstance, 
*  "Axo/io?,  indivisible. 

t  Since  an  atom  ought  to  be  tlio  .smallest  conceivable  particle  of  matter,  there  .seems  sonie 
incongruity  in  the  idea  of  a  combining  weictht  or  equivalent  representing  half  the  .itomic 
weight. 
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that  those  weights  of  tlie  elements  wliich  are  assumed  to  represent  the 
relative  weiglits  of  thoir  atoms  require,  in  most  cases,  the  same  amount  of 
heat  to  raise  them  tlirough  an  equal  number  of  degrees  of  temperature ;  in 
( ither  words,  the  atomic  heats  of  the  elements,  like  their  atomic  volumes, 

I  l  e  identical,  wliilst  the  amoimts  of  heat  required  to  raise  equal  weights 
^  specific  heats)  of  the  elements  tlu'ough  an  equal  number  of  degrees  are 
expressed  by  very  different  numbers. 

Thus,  if  the  specific  heat  of  water  (or  quantity  of  heat  required  to  raise 
line  part  by  weight  of  water  thi'ough  one  degree)  be  represented  by  1,  that 

't'  oxygen  is  0-2175,  and  that  of  hydrogen  just  sixteen  times  as  great,  or 
o--l:09.  Hence,  it  foUows  that  a  given  weight  of  hydi'ogen  in  cooling 
down  through  a  certain  nimiber  of  degrees,  woidd  give  out  16  times  as 
much  heat  as  an  equal  weight  of  oxygen  woidd  give  out,  and  that  the 
atom  (or  one  part  by  weight)  of  hydrogen  is  associated  with  the  same 
amoimt  of  heat  as  the  atom  (or  sixteen  parts  by  weight)  of  oxygen  ;  and 
since  tlie  specific  heat  represents  the  amount  of  heat  associated  with  one 
part  by  weiglit  of  the  element,  the  atomic  heat  of  oxygen  will  be  1 6  times 
its  specific  heat  (0"217  x  16),  or  3*48,  which  coincides  as  nearly  as  can 
be  expected  mth  the  atomic  heat  of  hydrogen  (3*409  x  1). 

36.  It  has  also  been  found  that  the  combining  weights  of  all  compound 
substances  which  have  been  examined  m  the  state  of  gas  or  vapour  occupy 
eitlier  twice  or  four  times  the  volume  of  one  combining  weight  of  oxygen. 

Hence  it  appears  that — 

I.  The  comhining  volume  of  an  element  in  the  state  of  gas  or  vapour  is 
either  one  volume  (0,  &c.),  or  two  volmnes  (H,  &c.). 

II.  The  comhining  volume  of  a  compound  in  the  state  of  gas  or  vapour 
is  either  tAVo  volumes  or  four  volumes. 

The  adoption  of  atomic  formulse  (or  molecular  formulte,  see  hinoxide  of 
hydrogeyi)  in  place  of  equivalent  formulse,  is  attended  with  great  advantage 
in  the  study  of  the  combining  volumes  of  gases  and  vapours,  since  tlie 
atomic  s:ymbol  for  an  elementary  substance  represents  one  volume  of  its 
gas  or  vapour,  and  the  molecidar  formula  for  a  compound  substance 
represents  two  volumes  of  its  gas  or  vapour. 

37.  The  great  energy  with  which  hydrogen  combines  with  oxygen  is 
turned  to  accoimt  for  the  purpose  of  producing  the  highest  temperature 
which  can  be  obtained  by  any  chemical  process. 

Tho  oxyhjdrocjcn  blowpii^e  (fig.  40)  is  an  apparatus  for  burning  a  jet  of  liydrogen 
mixed  witli  half  its  volume  of  oxygen.  Tlie  gases  are  supplied  from  separate  gas- 
holders (or  bags  with  pressure-boards  and  weights) 
through  the  tubes  H  and  0,  which  conduct  them 
into  the  brass  sphere  B.  Each  of  tliese  tubes  is 
provided  witli  a  valve  of  oiled  silk  opening  out- 
wards, so  as  to  prevent  the  passage  of  either  gas 
into  the  receptacle  containing  the  other.  The 
tube  A  is  stuffed  with  tliin  copper  wires,  which 
would  rapidly  conduct  away  the  heat  and  extin- 
guish the  flame  of  the  mixed  gases  burning  at  tho 
jet,  should  it  tend  to  pass  hack  and  ignite  the 
mixture  in  B.  Tlie  stop-cocks  D  and  E  allow  the 
flow  of  the  gases  to  be  regulated  ho  that  they  may 
mix  in  tho  right  proportions.  If  tlie  hydrogen  be 
kindled  first,  it  will  be  found  that,  as  soon  as  tho  n-  n  i 

oxygen  is  turned  on,  the  flame  is  reduced  to  a  very  ^O-— Oxyhydrogen  blowpipe, 
much  smaller  volume,  because  the  undiluted  oxygon  required  to  miiinlain  it  oceti 
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pies  only  one-fifth  of  tlie  volumo  of  the  atmospheric  air  from  which  the  hydrogen 
was  at  first  supplied  with  oxygen.  The  heat  developed  by  the  combustion  being 
therefore  distributed  over  a  much  smaller  area,  the  temperature  at  any  given  pomt 
of  the  flame  must  be  much  higher,  and  very  few  substances  are  capable  of  enduring 
it  without  fusion.*  Lime  is  one  of  these  ;  and  if  a  cylinder  of  lime  be  supported, 
as  at  L  fig  40,  in  the  focus  of  the  flame,  its  particles  become  heated  to  intense 
incandescence,  and  a  light  is  obtained  which  is  visible  at  night  from  very  great 
distances,  so  as  to  be  well  adapted  for  signalling  and  lighthouses.  For  such  pur- 
poses coal-gas  is  often  used  instead  of  hydrogen  {oxycalcium  light). 

If  a  shallow  cavity  be  scooped  in  a  lump  of  quicklime,  a  few  scraps  of  platinum 
placed  in  it,  and  exposed  to  the  oxyhydrogen  flame  (fig.  41),  a  fused  globule  of  pla- 
tinum of  very  considerable  size  may  be  obtained  in 
a  few  seconds.  By  employing  a  little  furnace  made 
(if  lime,  Deville  has  succeeded  in  fusing  platinum 
in  quantities  sufiicieut  to  cast  large  ingots,  a  result 
unattainable  by  any  other  furnace.  Pipeclay,  which 
resists  the  action  of  all  ordinary  furnace-heats,  may 
be  fused  into  a  glass  in  this  flame,  whilst  gold  and 
silver  are  instantaneously  melted,  and  vaporised 
into  a  dense  smoke. 

38.  In  its  chemical  relations  to  other  elements,  hydrogen  is  diametri- 
cally opposed  to  oxygen.  Whereas  the  latter  combines  directly  with  the 
greater  number  of  the  elements,  hydrogen  will  enter  into  direct  combina- 
tion with  very  few;  oxygen,  chlorine,  bromine,  carbon,  iodine,  and  sulphur 
(the  three  last  mth  difficulty),  are  the  only  elements  which  unite  in  a 
direct  manner  with  hydrogen,  and  of  these  only  chloriae  and  bromine 
combiue  with  hydrogen  at  the  ordinary  temperature,  though  not  without 
exposure  to  light.  Again,  whilst  fluoriue  is  not  known  to  form  any  com- 
pound with  oxygen,  its  combination  with  hydrogen  (hydrofluoric  acid)  is 
one  of  the  most  stable  compounds  known,  and  it  may  be  safely  asserted 
that  fluorine  in  the  free  state  would  combine  with  hydrogen  even  more 
readily  than  chlorine  does.  All  the  metals  form  compounds  with  oxygen, 
but  very  few  combinations  of  metals  with  hydrogen  have  been  obtained. 
Indeed,  in  its  relations  to  other  elements,  hydrogen  closely  resembles  the 
metals,  though  it  does  not  faU  within  the  definition  of  a  metal  given 
above,  since  it  does  not  form  a  base  with  oxygen,  and  its  combmations 
with  the  salt-radicals  (chlorine,  &c.)  are  acids,  and  not  salts. 


Fig.  41. 


Water. 

39.  Pure  water  is  not  found  in  nature.  Eain  is  the  purest  form  of 
natural  water,  but  contains  certain  gases  which  it  collects  from  the  atmo- 
sphere during  its  fall.  As  soon  as  it  reaches  the  earth,  it  begins  to  dissolve 
small  portions  of  the  various  solid  materials  -with  wliich  it  comes  in  con- 
tact, and  thus  becomes  charged  with  salts  and  other  substances  to  an 
extent  varying,  of  course,  with  the  nature  of  the  soils  and  rocks  which  it 
has  touched,  and  attaining  its  highest  point  in  sea  water,  which  contains 
a  larger  proportion  of  saline  matters  than  water  from  any  other  natural 
source.  Ice,  Avhen  melted,  affords  nearly  pure  water,  since,  when  water 
contaming  salts  is  partially  frozen,  these  are  left  dissolved  in  the  uncon- 
gealed  water. 

•  If  a  quantity  of  rain,  spring,  river,  or  sea  water  be  boiled  in  a  flask  fur- 
nished with  a  tube  also  lUled  with  the  water,  and  passuig  under  a  gas 
cylinder  standing  in  a  trough  of  the  same  water  (fig.  42),  it  will  be  found 

*  The  tumpL'iMlure  of  this  name  has  been  estimated  at  above  11,000"'  F. 
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i  o  give  off  a  quantity  of  gas  which  was  previously  hold  iii  solution  by  the 
w  ater,  and  is  now  set  free  because  (jascs  are  less  soluble  in  hot  than  in  cold 

■liter.    The  quantity  of  this 

;i3  will  vary  according  to 
Llie  source  of  the  water,  but 
it  will  always  be  found  to 
contain  the  gases  existing  in 
atmospheric  air,  viz.,  nitro- 
gen, oxygen,  and  carbonic 
acid.  One  gallon  of  rain 
water  will  generally  furnish 
about  4  cubic  inches  of  nitro- 
gen, 2  cubic  inches  of  oxygen, 
and  1  cubic  inch  of  carbonic 
acid.  It  is  worthy  of  remark, 
that  the  nitrogen  and  oxygen 
have  been  dissolved  by  the 
water,  not  in  the  proportions 
in  which  they  exist  in  the  at- 
mosphere (4  N  :  1  0),  but  in  the  proportions  in  which  they  ought 
to  be  dissolved,  if  it  be  true  that  they  exist  in  the  air  in  the  condition 
of  mere  mechanical  admixtuj'e.  The  oxygen  thus  carried  down  from 
the  air  by  rain  appears  to  be  ser-sdceable  in  maintaining  the  respiration 
of  aquatic  animals,  and  in  conferring  upon  river  waters  a  self-purifying 
power,  by  acting  upon  certain  organic  matters  which  would  probably 
prove  hurtful  to  animals,  and  converting  them  into  harmless  jjroducts  of 
oxidation.  In  the  cases  of  rivers  contaminated  with  the  sewage  of  towns, 
this  action  of  the  dissolved  oxygen  is  probably  of  great  importance.  The 
carbonic  acid  dissolved  in  rain  water  also  probably  serves  some  useful  pnr- 
jjoses  in  the  chemical  economy  of  nature.    (See  Carbonic  Acid.) 

40.  The  waters  of  wells,  springs,  and  rivers,  and  especially  those  of 
the  two  first-named  sources,  difi'er  very  much  from  each  other,  according 
to  the  nature  of  the  layers  of  rock  or  earth  over  or  through  which  they 
have  passed,  and  from  which  they  dissolve  a  great  variety  of  substances, 
some  of  which  are  familiar  to  us  in  daily  life,  while  others  are  only  met 
with  in  chemical  collections.  Under  the  former  head  may  be  enume- 
rated Glauber's  salt  (sulphate  of  soda),  common  salt  (chloride  of  sodium), 
Epsom  salt  (sulphate  of  magnesia),  gypsum  (sulphate  of  Kme),  chaUc 
(carbonate  of  hme),  common  magnesia  (carbonate  of  magnesia),  carbonic 
acid,  and  silica. 

Among  the  substances  known  only  to  the  chemist  may  be  mentioned 
sulphuretted  hydrogen,  sulphate  of  potash,  chloride  of  potassium,  cliloride 
of  calcium,  chloride  of  magnesium,  phosphate  of  lime,  bromides  and 
iodides  of  calcium  and  magnesium  (rarely),  alumina  (probably  sulphate 
of  alumina),  carbonate  of  iron,  and  certain  vegetable  substances.* 

The  well  waters  of  certain  localities  (as,  for  example,  those  of.  large 
towns)  also  frequently  contain  salts  of  nitric  and  nitrous  acids,  and  of 
ammonia. 

The  waters  of  springs  and  rivers  do  not  differ  very  materially  from 

*  Although  it  \H  certainly  known  that  tlie  acid.q  and  bases  capable  of  forming  the  .salts 
here  enunicrateil  may  be  detected  in  HprinR  and  river  waters,  their  exact  distril.nition 
amongst  each  other  is  still  a  matter  of  uncertainty. 


Fig.  42. 
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well  waters  as  to  the  nature  of  the  substances  which  they  contain,  though, 
in  the  case  of  river  waters  more  jjarticularly,  the  quantity  of  tliese  sub- 
stances is  materially  influenced  by  the  conditions  of  rapid  motion  and 
exposure  to  air  under  which  such  Avaters  are  placed. 

Household  experience  has  established  a  chissification  of  the  waters  from 
natural  sources  into  soft  and  hard  waters — a  division  which  depends 
chiefly  upon  the  manner  in  wliich  they  act  upon  soap.  If  a  piece  of 
soap  be  gently  rubbed  in  soft  water  (rain  water,  for  example)  it  speedily 
fivrnishes  a  froth  or  latlier,  and  its  cleansing  powers  can  be  readily 
brought  into  action  ;  but  if  a  hard  water  (spring  water)  be  substituted  for 
rain  water,  the  soap  must  be  rubbed  for  a  much  longer  time  before  a 
lather  can  be  produced,  or  its  effect  in  cleansing  rendered  evident ;  a 
number  of  white  curdy  flakes  also  make  then-  appearance  in  the  hard 
water,  which  were  not  seen  when  soft  water  was  used.  Tlie  explana- 
tion of  tliis  difference  is  a  purely  chemical  one. 

Soap  is  formed  by  the  combination  of  a  fatty  acid  Avith  an  alkali ;  it  is 
manufactured  by  boiHng  oil  or  fat  with  potash  or  soda,  the  former  for 
soft,  the  latter  for  hard  soaps.  In  the  preparation  of  ordinary  hard  soap, 
the  soda  takes  from  the  oil  or  fat  two  acids,  stearic  and  oleic  acids,  which 
exist  in  abundance  in  most  varieties  of  fat,  and  unites  with  them  to  form 
soap,  wliich  in  chemical  language  would  be  spoken  of  as  a  mixture  of 
stearate  and  oleate  of  soda. 

If  soap  be  rubbed  in  soft  water  until  a  Kttle  of  it  has  dissolved,  and 
some  Epsom  salts  (sulphate  of  magnesia)  be  dissolved  in  water,  and 
poured  into  the  soap  water,  curdy  flakes  will  be  produced,  as  when  soap 
is  rubbed  in  hard  water,  and  the  soap  water  will  lose  its  property  of 
frothing  when  stirred ;  the  sulphate  of  magnesia  has  decomposed  the  soap, 
the  soda  contained  in  the  latter  has  combined  with  tire  sulphuric  acid 
existing  in  the  sulphate  of  magnesia,  to  form  a  sidphate  of  soda  which 
remains  dissolved  in  the  watei-,  while  the  magnesia,  uniting  mth  the 
stearic  and  oleic  acids,  produces  the  insoluble  ciuxiy  flakes  which  consist 
of  stearate  and  oleate  of  magnesia. 

Similar  to  the  effect  of  the  sulphate  of  magnesia  is  that  of  hard  watei-s  ; 
their  hardness  is  attributable  to  the  presence  of  the  different  salts  of  lime 
and  magnesia,  all  of  which  decompose  the  soap  in  the  manner  exem- 
plified above  ;  the  peciiliar  properties  of  the  soap  in  forming  a  lather  and 
dissolving  grease  can,  therefore,  be  manifested  only  when  a  sufficient 
quantity  has  been  employed  to  decompose  the  whole  of  the  salts  of  lime 
and  magnesia  contained  in  the  quantity  of  water  operated  on,  and  thus 
a  considerable  amount  of  soap  must  be  rendered  useless  when  hard  water 
is  employed. 

On  exarauiing  the  interior  of  a  kettle  in  which  s]3ring,  well,  or  river 
water  has  been  boiled,  it  will  be  found  to  be  coated  more  or  less  thicldy 
with  a  fur  or  incrustation,  generally  of  a  brown  colour,  and  the  harder 
the  water,  the  more  speedily  will  this  incrustation  be  deposited.  A 
chemical  examination  shoAvs  this  deposit  to  consist  cliiefly  of  carbonate  of 
lime,  in  the  form  of  minute  crystals,  wliich  may  be  discovered  by  the 
microscope ;  it  usually  contains,  in  addition,  some  carbonate  of  magnesia, 
sulphate  of  lime,  and  small  quantities  of  sesquioxide  of  iron  (rust),  and 
vegetable  matter,  the  last  two  substances  imparting  its  brown  colour. 
In  order  to  explain  the  formation  of  this  deposit,  it  is  necessary  to  be- 
come acquainted  with  the  particular  condition  in  which  the  carbonate  of 
Inne  exists  in  natural  waters.    Carbonate  of  lime  is  hardly  dissolved  to 
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any  perceptible  extent  by  piu-e  water,  though  it  may  be  dissolved  in  con- 
siderable quantity  by  carbonic  acid.  This  statement,  which  is  of  great 
importance  in  connexion  mth  natural  waters,  may  be  verified  in  the  fol- 
lowing manner.  A  little  slaked  lime  is  well  shaken  up  in  a  bottle  of  dis- 
tilled or  rain  water,  which  is  afterwards  set  aside  for  an  hour  or  two  ;  as 
soon  as  that  portion  of  the  lime  Avhich  has  not  been  dissolved  has  sub- 
sided, the  clear  portion  is  carefully  poured  into  a  glass,  and  a  little  sodar 
water  or  solution  of  carbonic  acid  in  water  is  added  to  it ;  the  first  addi- 
tion of  the  carbonic  acid  to  the  lime  water  causes  a  milkiness,  due  to  the 
formation  of  minute  particles  of  carbonate  of  lime,  by  the  union  of  the 
carbonic  acid  Avith  the  lime ;  this  carbonate  of  lime,  being  insoluble  in 
the  water,  separates  from  it,  or  precipiiates,  and  impairs  the  transparency 
of  the  liquid ;  a  fiu?ther  addition  of  carbonic  acid  water  renders  the  liquid 
again  transparent,  for  the  carbonic  acid  dissolves  the  carbonate  of  lime 
which  has  separated,  forming,  in  the  oi^inion  of  some  chemists,  a  definite 
chemical  compoimd,  the  Mcm-bonate  of  lime,  which  contains  twice  as 
much  carbonic  acid  as  the  carbonate ;  since,  however,  this  bicarbonate  of 
lime  has  not  been  separated  from  the  water  in  a  pure  state,  it  is  safer  to 
regard  it  merely  as  a  solution  of  carbonate  of  lime  in  free  carbonic  acid. 

If  tliis  clear  solution  be  introduced  into  a  flask,  and  boiled  over  the 
spirit-lamp  or  gas-flame,  it  "VTill  again  become  turbid,  for  the  free  carbonic 
acid  wiU.  be  expelled  by  the  heat,  and  the  carbonate  of  lime  wUl  be  de- 
posited, not  now,  however,  in  so  fine  a  poAvder  as  before,  but  in  small 
hard  grains  which  have  a  tendency  to  fix  themselves  fijmly  upon  the 
sides  of  the  flask,  and,  when  examined  by  the  microscope,  are  seen  to  con- 
sist of  small  crystals. 

In  a  similar  manner,  when  natural  waters  are  boUed,  the  free  carbonic 
acid  which  they  contain  is  expelled  in  the  gaseous  state,  and  the  carbon- 
ates of  lime,  magnesia,  and  oxide  of  iron  are  j)recipitated,  since  tliey  are 
insoluble  in  water  which  does  not  contain  carbonic  acid.  But,  by  the 
ebullition  of  the  Avater,  a  portion  of  it  has  been  dissipated  in  vapour,  and 
if  there  be  much  sulphate  of  lime  present,  the  quantity  of  Avater  left  may 
not  be  sufficient  to  retain  the  whole  of  that  salt  in  solution  ;  and  this  is 
the  more  likely  to  happen,  because  sulphate  of  lime  requires  about  400 
parts  of  water  to  dissolve  it ;  *  a  quantity  of  sulphate  of  lime,  then,  is 
liable  to  be  deposited  together  with  the  carbonates  of  lime,  magnesia,  and 
oxide  of  iron,  and,  should  the  water  contain  much  vegetable  matter,  this 
IS  also  often  deposited  in  an  insoluble  condition,  the  whole  eventually 
forming  together  a  hard  compact  mass,  composed  of  successive  thin  layers, 
on  the  bottom  and  sides  of  the  vessel  in  Avliich  the  Avater  has  been  boiled. 
The  "  furring "  of  a  kettle  is  objectionable,  chiefly  in  consequence  of  its 
retarding  the  ebullition  of  the  Avater,  since  the  deposit  is  a  very  bad  con- 
ductor of  heat,  and  therefore  impedes  the  transmission  of  heat  from  the 
fire  to  the  Avater ;  hence  the  common  practice  of  introducing  a  round  stone 
or  marble  into  the  kettle,  in  order,  by  its  perpetual  rolling,  to  prevent  the 
particles  of  carbonate  of  lime  from  forming  a  compact  layer.  In  steam 
boilers,  however,  even  more  serious  inconvenience  than  loss  of  time  some- 
time.s  arises  if  this  deposit  be  alloAved  to  accumulate,  and  to  form  a 
thick  layer  of  badly  coiiducting  material  on  the  bottom  of  the  boiler,  since 

•  Siilpliatc  of  lime  lias  been  found  nearly  insoluble  in  wafer  having  a  liiRlier  feninera 
ture  than  212"  V\,  as  woulfl  be  the  nase  in  boilers  worked  under  pressure  so  flint  it  \\o\M 
readily  be  deposited,  ft  is  said  that  waters  containin;,'  little  or  no  sulphate  of  lime  vie!.! 
a  loose  and  friable  deposit.  '  .  i-i  < 
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the  latter  is  th.en  liable  to  become  red  hot,  and  should  the  incrustation 
happen  to  crack,  and  allow  the  water  to  reach  the  red  hot  metal,  so 
violent  a  disengagement  of  steam  follows,  that  boilers  have  been  known 
to  burst  under  the  sudden  pressure.  But  even  though  this  calamity  be 
escaped,  the  wear  and  tear  of  the  boiler  is  very  much  increased  in  conse- 
quence of  the  formation  of  this  deposit,  since  its  hardness  often  renders 
it  necessary  to  detach  it  with  the  hammer,  much  to  the  injury  of  the  ii'on 
boUer-plates,  which  are  also  subject  to  increased  oxidation  and  corrosion, 
in  consequence  of  the  high  temperature  which  the  incrustation  permits 
them  to  attain  by  preventing  their  contact  with  the  water.  The  exigency 
of  the  case  has  elicited  many  propositions  for  the  prevention  of  these  in- 
crustations ;  some  substances  have  been  u.sed  of  which  the  action  appears 
to  be  purely  mechanical,  in  preventing  the  aggregation  of  the  deposited 
particles.  Clay,  saw-dust,  and  other  matters  have  been  employed  -with 
this  view ;  but  the  action  of  sal-ammoniac,  which  has  also  been  found 
efficacious,  must  be  explained  upon  purely  chemical  principles.  When 
this  salt  is  boiled  with  carbonate  of  lime,  mutual  decomposition  ensues, 
resulting  in  the  production  of  chloride  of  calcium  and  carbonate  of 
ammonia,  of  which  salts  the  former  is  very  soluble  in  water,  while  the 
latter  passes  off  in  vapour  with  the  steam.* 

The  incrustations  formed  in  cisterns  and  pipes  by  hard  water  are  also 
produced  by  the  carbonates  of  hme  and  magnesia  deposited  in  consequence 
of  the  escape  of  the  free  carbonic  acid  which  held  them  in  solution.  Many 
interesting  natural  phenomena  may  be  explained  upon  the  same  principle. 
The  so-called  petrifying  springs,  in  many  cases,  owe  theii-  remarkable 
properties  to  the  considerable  quantity  of  carbonate  of  lime  dissolved  in 
carbonic  acid  which  they  contain;  when  any  object,  a  basket,  for  ex- 
ample, is  repeatedly  exposed  to  the  action  of  these  waters,  it  becomes 

coated  with  a  compact 
layer  of  carbonate  of  hme, 
and  thus  appears  to  have 
suffered  conversion  into 
limestone.  The  celebrated 
waters  of  the  Spmdel  at 
Carlsbad,  of  San-FHippo 
in  Tuscany,  and  of  Saint 
Allyre  in  Auvergne,  are 
the  best  instances  of  this 
land. 

The  stalactites  and  sta- 
lagmites,-^ which  are  form- 
ed ui  certain  caverns  or 
natural  grottoes  (fig.  43), 
atibrd  beautiful  examples 
of  the  gi-adual  separation 

Ai    CJ4.  1       n  °f        carbonate  of  lime 

tig.  43. — Stalactite  Cavern.  n  ,  , 

from  water  charged  with 

carbonic  acid.    Each  drop  of  water,  as  it  trickles  through  the  roof  of  the 


CaO .  CO, 
Ciirboiiatc  of  Ilmo. 


-1- 


NH,.HC1 
Sal-ammoniac. 


NH,.HO.CO, 
Carbonate  of  ammonia. 


-1-  CaCl 

Chloride  of  calcium. 


ill  v°pmnlnlnli  -iHialies,  of  allvaline  carliouatcs,  anrl  arseiiites,  are  also  occasion- 

+  nv,  n       <  ^^"■''7"*       lonmitiini  of  incrustations  in  boilers. 

t  1  loni  rrTaXalu,,  lo  drop  j  aT«,\«y««,  a  drop. 
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cavern,  becomes  surrounded  witli  a  shell  of  carbonate  of  lime,  the  length  of 
which  is  prolonged  by  each  drop  as  it  falls,  till  a  stalactite  is  formed,  varying 
in  colour  according  to  the  natiu'e  of  the  substances  which  are  separated 
from  the  water  together  with  the  carbonate  of  lime  (such  as  the  oxides  of 
iron  and  vegetable  matter)  ;  and  as  each  drop  falls  from  the  point  of  the 
stalactite  upon  the  floor  of  the  cavern,  it  deposits  there  another  shell  of 
carbonate  of  lime,  which  grows,  like  the  upper  one,  but  in  the  opposite 
direction,  and  forms  a  stalagmite,  thus  adorning  the  grotto  with  conical 
pillars  of  carbonate  of  lime,  sometimes,  as  in  the  case  of  the  oriental 
alabaster,  variegated  Avith  red  and  yellow,  and  applicable  to  ornamental 
purposes. 

When  water  which  has  been  boiled  for  some  time  is  compared  mth 
unboiled  water  from  the  same  source,  it  will  be  found  to  have  become 
much  softer,  and  this  can  now  be  easily  explained,  for,  a  considerable 
proportion  of  the  salts  of  lime  and  magnesia  having  separated  from  the 
water,  the  latter  is  not  capable  of  decomposing  so  large  a  quantity  of  soap. 
The  amount  of  hardness  which  is  thus  destroyed  by  boiling  is  generally 
spoken  of  as  temporary  hardness,  to  distinguish  it  from  the  permanent 
hardness  due  to  the  soluble  salts  of  lime  and  magnesia  which  still  remain 
in  the  boiled  water.  It  is  customary  with  analytical  chemists,  in  report- 
ing upon  the  quality  of  natural  waters,  to  express  the  hardness  by  a  cer- 
tain number  of  degrees  which  indicate  the  number  of  grains  of  chalk  or 
carbonate  of  lime  which  would  be  dissolved  in  a  gallon  of  water  contain- 
ing carbonic  acid,  in  order  to  render  its  hardness  equal  to  that  of  the 
water  examined,  that  is,  to  render  it  capable  of  decomposing  an  equal 
quantity  of  soap.  Thus,  when  a  water  is  spoken  of  as  having  16  degrees 
hardness,  it  is  implied  that  16  grs.  of  carbonate  of  lime  dissolved  in  a 
gallon  of  water,  containing  carbonic  acid,  would  render  that  gallon  of  water 
capable  of  decomposing  as  much  soap  as  a  gallon  of  the  water  under 
consideration. 

The  utility  of  a  water  for  household  purposes  must  be  estimated,  there- 
fore, not  merely  according  to  the  total  number  of  degrees  of  hardness 
which  it  exhibits,  but  also  by  the  proportion  of  that  hardness  which  may 
be  regarded  as  temporary,  that  is,  which  disappears  when  the  water  is 
boiled.  Thus  the  total  hardness  of  the  New  Eiver  water  amounts  to 
nearly  15  degrees,  that  of  the  Grand  Junction  Company  to  14  degrees,  and 
yet  these  waters  are  cj^uite  applicable  to  household  uses,  since  their  hard- 
ness is  reduced  by  boiling  to  about  5  degrees.  It  has  been  ascertained 
that  every  degree  of  hardness  in  water  gives  rise  to  a  waste  of  about  10 
grs.  of  soap  for  every  gallon  of  water  employed,  and  hence  the  use  of  100 
gallons  of  Thames  or  New  Eiver  water  in  washing  will  be  attended  with 
the  loss  of  about  2  lbs.  of  soap ;  this  loss  is  reduced,  however,  to  about 
one  third  when  the  temporary  hardness  has  been  destroyed  by  boiling. 
The  addition  of  washing  soda  (carbonate  of  soda)  removes  not  only  the 
temporary,  but  also  the  permanent  hardness  duo  to  the  presence  of  the 
sulphates  of  lime  and  magnesia  in  the  water,  for  both  those  salts  are  de- 
composed by  the  carbonate  of  soda,  which  sejjarates  the  lime  and  mag- 
nesia as  insoluble  carbonates,  while  sulphate  of  soda  remains  dissolved  in 
the  water.*  The  household  practice  of  boiling  the  Avater,  and  adding  a 
little  washing  soda,  is  therefore  very  efficacious  in  removing  the  hard- 
ness.   ClarKs  process  for  softening  waters  depends  upon  the  noutralisa- 

«  CaO.SO,       +        NiiO.CO,         =       NaO.SO,        +  CnO.CO, 
Sniphiitc  of  Ume.  Ciii  lioniitc  of  sndn.  Siilpliatc  nf  soda.  Cnibonato  of  lime. 
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tion  of  the  free  carbouic  acid  contained  in  the  water  by  the  addition  of  a 
certain  quantity  of  lime ;  the  lime  thus  added  combines  with  the  free 
carbonic  acid,  and  the  carbonate  of  lime  so  produced  separates  together 
with  the  carbonates  of  lime  and  magnesia,  which  were  previously  retained 
in  solution  by  the  free  carbonic  acid ;  this  process,  therefore,  affects  chiefly 
the  temporary  hardness ;  moreover,  the  earthy  carbonates  which  are  sepa- 
rated appear  to  remove  from  the  Avater  a  portion  of  the  vegetable  matter 
which  it  contains,  and  thus  effect  a  very  important  ijurification.  The 
water  under  treatment  is  mixed  in  large  tanks,  with  a  due  proportion  of 
lime  previously  diffused  tlirough  water  (the  quantity  necessary  having 
been  determined  by  preliminary  experiment),  and  the  mixture  allowed  to 
settle  until  perfectly  clear,  when  it  is  drawn  off  into  reservoirs.* 

Waters  which  axe  turbid  from  the  presence  of  clay  in  a  state  of  sus- 
pension, are  sometimes  purified  by  the  addition  of  a  small  quantity  of 
alum  or  sulphate  of  alumina,  when  the  alumina  is  precipitated  by  the  car- 
bonate of  lime,  and  carries  down  with  it  mechanically  the  suspended  clay, 
leaving  the  water  clear. 

The  organic  matter  contained  in  waters  may  be  vegetable  matter  dis- 
solved from  the  earth,  with  which  it  has  come  in  contact,  or  resulting 
from  the  decomposition  of  plants,  or  it  may  be  animal  matter  derived 
either  from  the  animalcules  and  hsh  naturally  existing  in  it,  or  from  the 
seAvage  of  towns,  and,  in  the  case  of  Avell  waters,  from  surface  drainage. 
It  is  a  pretty  generally  received  opinion  that  such  of  these  organic  matters 
as  are  very  susceptible  of  chemical  change  have  an  injurious  effect  upon 
the  system  of  persons  drinking  the  water,  and  it  is  now  usual,  in  ex- 
amining water  as  to  its  fitness  for  consimiption,  to  ascertain  how  much  of 
the  organic  matter  is  in  a  changeable  condition,  by  determining  with  the 
aid  of  a  solution  of  permanganate  of  ]Dotasli  the  amount  of  oxygen  neces- 
sary to  effect  its  conversion  into  more  stable  forms. 

41.  One  of  the  most  important  points  to  be  taken  into  account  in 
estimating  the  qualities  of  a  water  is  its  action  upon  lead,  since  this  metal 
is  unfortunately  so  generally  employed  for  the  storage  and  transmission  of 
water,  and  cases  frequently  occur  in  which  the  health  has  been  seriously 
injured  by  repeated  small  doses  of  compoimds  of  lead  taken  in  water, 
Avhich  has  been  kept  in  a  leaden  cistern.  If  a  piece  of  bright,  freshly 
scraped  lead  be  exposed  to  the  air,  it  speedily  becomes  tarnished  from  the 
formation  of  a  thin  film  of  the  oxide  of  lead,  produced  by  the  action  of 
the  atmospheric  oxygen ;  this  oxide  of  lead  is  soluble  in  water  to  some 
extent,  and  hence,  when  lead  is  kept  in  contact  with  water,  the  oxygen 
Avhich  is  dissolved  in  it  acts  upon  the  metal,  and  the  oxide  so  produced 
is  dissolved  by  the  Avater ;  but,  fortunately,  different  Avaters  act  Avith  A^ery 
different  degrees  of  rapidity  upon  the  metal,  according  to  the  nature  of 
the  substances  which  they  contain. 

The  film  of  oxide  which  forms  iipon  the  surface  of  the  lead  is  in- 
soluble, or  nearly  so,  in  Avater  containing  much  sulphate  or  carbonate  of 
lime,  so  that  hard  waters  may  generally  be  kept  Avithout  danger  in  leaden 
cisterns  •  but  soft  waters,  and  those  Avhich  contain  nitrites  or  nitrates, 
should  not  be  drunJc  after  contact  Avith  lead.  Nearly  all  Abaters  Avhich 
have  been  stored  in  leaden  cisterns  contain  a  trace  of  the  metal,  and  since 
the  action  of  this  poison,  in  minute  doses,  upon  the  system  is  so  gradual 

*  riiaincs  ami  Now  River  water  are  softened,  in  this  way,  to  3°'5,  or  to  a  lower  point 
tlian  hy  an  liouv's  lioilin". 
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that  the  mischief  is  often  referred  to  other  causes,  it  is  much  to  be  desired 
that  lead  shoidd  be  discarded  altogether  for  tlic  construction  of  cisterns. 

Mineral  miters,  as  they  are  popularly  called,  are  simply  spring  waters 
coutaining  so  large  a  quantity  of  some  ingredient  as  to  have  a  decided 
medicmal  action.  They  are  differently  named  according  to  the  nature  of 
their  predominating  constituent.  Thus,  a  cJia/yheate  water  contains  a  con- 
siderable quantity  of  a  salt  of  the  oxide  of  ii'on  (usually  the  carbonate  dis- 
solved by  free  carbonic  acid)  ;  an  acidulous  water  is  distinguished  by  a 
large  proportion  of  carbonic  acid,  and  is  Avell  exemplified  in  the  celebrated 
Seltzer  water  ;  a  sidphureous  or  hepatic  water  has  the  nauseous  odour  due 
to  the  presence  of  sidphuretted  hydrogen.  The  Harrowgate  water  is  emi- 
nently sulphureous.  Saline  waters  are  such  as  contain  a  large  quantity  of 
some  salt ;  thus  the  saline  springs  of  Cheltenham  are  rich  in  common  salt 
and  sulphate  of  soda. 

The  chalybeate  waters,  Avhich  are  by  no  means  uncommon,  become 
brown  when  exposed  to  the  air,  and  deposit  a  rusty  sediment  which  con- 
sists of  the  sesquioxide  of  iron,  formed  by  the  union  of  the  oxygen  of  the 
air  with  the  oxide  of  iron  existing  in  the  carbonate.* 

42.  Sea  water  contains  the  same  salts  as  are  fomid  in  Avaters  from  other 
natirral  sources,  but  is  distinguished  by  the  very  large  proportion  of  chlo- 
ride of  sodium  (common  salt).  A  gallon  of  sea  water  contains  usually 
about  2500  grains  of  saline  matter,  of  which  1890  grains  consist  of  common 
salt.  The  cii-cumstance  that  clothes  wetted  with  sea  water  never  become 
perfectly  dry  is  to  be  ascribed  chiefly  to  the  chloride  of  magnesium  present 
in  the  Avater,  Avhich  is  distinguished  l3y  its  tendency  to  deliquesce  or  become 
damp  in  moist  air.  There  are  tAvo  elements,  bromine  and  iodine,  Avhich 
are  foimd  combined  with  metals  in  appreciable  quantity  in  sea  water, 
though  they  are  of  somcAvhat  rare  occurrence  in  other  waters  derived  from 
natural  sources. 

43.  By  distillation,  piu'e  water  may  be  obtained  from  most  spring  and 
river  waters. 

{T)^v.— Distil- 
lation is  the 
conversion  of  a 
liquid  into  a  va- 
pour, and  its  re- 
condensation  in- 
to the  liquid 
form  in  another 
vessel.) 

Fit;.  44  repre- 
sents the  orrlinary 
form  of  still  in  com- 
mon use,  in  which 
A  is  a  copper  boil- 
er containing  the  -^^^'Si 
water  to  be  dis- 
tilled  ;  B  the  hn.ad 
of  the  still,  which  "''ijji'li'' 
lifts  out  at  h,  and 
is  connected  by  the 

*2(FeO.CO.,)     +    0    +    HO    =    Fc.Oj.HO        +  2C0„ 
Carbonate  ofiron.  Water.       '^^lli'^f  Zif'  Carbonic' acUI. 
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neck  C  with  the  worm  D,  a  pewter  pipe  coiled  round  in  the  tub  E,  and  issuing  at  F. 
The  steam  from  the  boiler,  passing  into  the  worm,  is  condensed  to  the  liquid  state, 
being  cooled  by  the  water  in  contact  with  the  worm  ;  this  water,  becoming  heated, 
passes  off  through  the  pipe  G,  being  replaced  by  cold  water,  which  is  allowed  to 
enter  through  H.* 

Another  form  of  apparatus  for  distillation  of  water  and  other  liquids  is  shown  in 
iig.  45.  A  is  a  stoppered  reiort,  the  neck  of  which  fits  into  the  tube  of  a  Lielig's  cm- 
denser  (B),  which  consists  of  a  glass  tube  (C)  fitted  by  means  of  corks  into  a  glass, 
copper,  or  tin  tube  (D),  into  which  a  stream  of  cold  water  is  passed  by  the  funnel  E, 
the  heated  water  running  out  through  the  upper  tube  F.  The  water  furnished  by 
the  condensation  of  the  steam  passes  through  the  quilled  receiver  G,  into  the  flask  H. 
Heat  is  gradually  api^lied  to  the  retort  by  a  ring  gas-burner. 


Pig.  45.— Distillation— Liebig's  condenser. 


Many  specical  precautions  are  requisite  in  order  to  obtain  absolute^  pure 
distilled  water  for  refined  experiments,  but  for  ordinary  purposes  the  com- 
mon methods  of  distillation  yield  it  in  a  sufficiently  pm-e  condition. 

The  saline  matters  present  in  the  water  are  of  coui-se  left  beliind  in  the 
still  or  retort.  Sea  water  is  now  frequently  distilled  on  board-ship  when 
fresh  water  is  scarce.  The  vapid  and  disagreeable  taste  of  distilled  water, 
wliich  is  due  to  its  having  been  deprived  of  tlie  dissolved  air  during  the 
distillation,  is  remedied  by  the  use  of  Normandy's  apparatus,  wliich^pro- 
vides  for  the  restoration  of  the  expelled  air. 

44.  The  physical  properties  of  water  are  too  weU  known  to  require  any 
detailed  description.  Its  specific  gravity  in  the  liquid  state  is  =  1,  being 
taken  as  the  standard  to  which  the  specific  gravities  of  liquid  and  solid 
bodies  are  referred. 

(Dep. — The  specific  gravity  of  a  liquid  or  solid  body  is  its  weight  as 
compared  with  that  of  an  equal  volume  of  jjure  water  at  60°  F.,  15°-5  C.) 

Water  assumes  the  solid  form,  under  ordinary  circumstances,  at  32°  F. 
(0  C),  and  may  be  obtained  in  six-sided  prismatic  crystals.  Snow  con- 
sists of  beautiful  stellate  groupings  of  these  crystals.  Ice  has  the  specific 
gravity  0-9184.  In  the  act  of  freezing,  water  expands  very  considerably, 
so  that  174  volumes  of  water  become  184  volumes  of  ice.  The  breakage 
ot  vessels,  spUtting  of  rocks,  &c.,  by  the  congelation  of  water,  are  due  to 

tbil  (ts'oHptbn^''''^'^^""'^'"       ''^  Bnuseu's  principle  is  very  convenient  for  a  small  still  of 
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iliis  expansion.  Water  passes  off  in  vapour  at  all  temperatures,  the 
amount  of  vapour  evolved  in  a  given  time  of  course  increasing  with  the 
temperature.    The  hoiKng-point  of  water  is  212°  F.  (100°  C.) 

(Def. — The  hoiUmj-point  of  a  liquid  is  the  constant  temperature  indi- 
cated by  a  thermometer,  the  bulb  of  which  is  immersed  in  the  boiling 
liquid  in  the  presence  of  a  coil  of  platinum  wire,  to  facilitate  disengage- 
ment of  vapour,  and  at  a  pressure  of  30  in.  (762  Mm.)  Bar.) 

At  and  above  212°  F.  at  the  ordinary  atmospheric  pressure  (30  in.  Bar.), 
water  is  an  invisible  vapour  of  specific  gravity  0*622  (air  =  1).  One 
cubic  inch  of  water  at  60°  F.  becomes  1696  cubic  inches  of  vapour  at 
212°  F. 

45.  In  its  chemical  relations  water  presents  this  very  remarkable  fea- 
ture, that,  although  it  is  an  indifferent  oxide,  its  combining  tendencies 
extend  over  a  wider  range  than  those  of  any  other  compound.  Its  com- 
binations with  other  substances  are  generally  called  hydrates.  "Water 
combines  with  two  of  the  elementary  substances,  viz.,  chlorine  and 
bromine,  forming  an  exception  to  the  general  rule  that  combination  does 
not  take  iglace  between  elementary  and  compound  bodies.  No  other  element 
is  even  dissolved  by  water  in  any  considerable  quantity.  One  part  of 
iodine  is  dissolved  by  7000  parts  of  cold  water,  but  no  chemical  combina- 
tion appears  to  take  place.  Oxygen,  hydrogen,  and  nitrogen  are  dissolved 
by  water  in  very  small  quantity,  but  become  only  mechanically  diffused 
through  it,  and  do  not  enter  into  chemical  combination. 

When  water  acts  upon  a  compound  body,  it  may  either  effect  a  simple 
solution,  or  may  enter  into  chemical  combiaation  with  it. 

Simple  solution  appears  to  be  a  purely  physical  phenomenon,  not  accom- 
panied, of  necessity,  by  any  chemical  action.  The  dissolved  substance,  in 
such  cases,  is  otherwise  unchanged  in  properties,  and  there  is  no  manifesta- 
tion of  heat,  as  in  cases  of  chemical  combiaation.  On  the  contrary,  there 
is  a  reduction  of  temperatiu'e,  such  as  is  always  noticed  in  the  merely  phy- 
sical change  from  the  solid  to  the  Liquid  form.  For  example,  common 
saltpetre  (nitre  or  nitrate  of  potash,  KO.NOj),  when  shaken  with  water, 
is  rapidly  dissolved,  the  water  becoming  sen- 
sibly colder.  If  fresh  portions  of  saltpetre  be 
added  till  the  water  is  unable  to  dissolve  any 
more,  it  will  be  found  that  1000  grs.  of  water 
(at  60°  F.)  have  dissolved  about  300  grs.  of 
saltpetre.  Such  a  solution  would  be  called  a 
cold,  saturated  solution  of  saltpetre.  If  the 
solution  be  set  aside  in  an  open  vessel,  the 
water  wiU.  slowly  pass  off  in  vapour,  and  the 
saltpetre  will  be  gradually  deposited,  its  particles 
arranging  themselves  in  the  regular  geometrical 
shape  of  the  six-sided  prism,  which  is  its  com- 
mon crystalline  form.  The  crystals  of  saltpetre 
do  not  contain  any  water ;  they  are  anhydrous. 

If  saltpetre  be  added  to  boiling  water  (in  a  porcelain  evaporating  dish, 
fig.  46),  and  stirred  (with  a  glass  rod)  until  the  water  refuses  to  dissolve 
any  more,  1000  grs.  of  water  will  be  foimd  to  have  dissolved  about  2000 
grs. ;  this  would  be  called  a  hot  saturated  solution. 

As  a  general  rule,  solids  arc  dissolved  more  quickly  and  in  larger  quan- 
tity by  liot  water  than  by  cold. 
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One  of  the  commonest  methods  of  crijstalUsing  a  solid  substance  con- 
sists in  dissolving  it  in  hot  water,  and  allowing  the  solution  to  cool  slowly. 
The  more  slowly  it  cools,  the  larger  and  more  symmetrical  are  the  crystals. 
A  hot  saturated  solution  is  not  generally  the  best  for  crystallising,  because 
it  deposits  the  dissolved  body  too  rapidly.  Thus,  the  hot  solution  of 
saltpetre  prepared  as  above  woidd  solidify  to  a  mass  of  minute  crystals  on 
cooling;  but  if  1000  grs.  of  saltpetre  be  dissolved  in  4  measured  ounces  of 
boiling  water,  it  will  form  crystals  of  2  or  3  inches  long  when  slowly  cooled 
(in  a  covered  vessel).  If  the  solution  be  stii-red  wliile  cooling,  the  crystals 
will  be  very  minute,  having  the  appearance  of  a  white  powder. 

Some  solids,  however,  refuse  to  crystallise,  even  from  a  hot  satiu-ated 
solution,  if  it  be  kept  absolutely  undisturbed. 

Sulphate  of  soda  aflfords  a  good  example  of  tliis.  If  the  crystallised  sulphate  be  added 
to  boiling  water  in  a  flask,  as  long  as  it  is  dissolved,  the  water  will  take  into  solution 
more  than  twice  its  weight  of  the  salt.  If  this  sohition  be  allowed  to  cool  in  the  open 
flask,  an  abundant  crystallisation  will  take  place,  for  cold  water  will  dissolve  only  about 
one-third  of  its  weight  of  crystallised  sulphate.  But  if  the  flask  (which  should  be 
globular)  be  tightly  corked  whilst  the  solution  is  boiling,  it  may  be  kept  for  several 
days  without  crystallising,  although  moved  about  from  one  place  to  another.  In 
this  condition  the  solution  is  said  to  be  supersaturated.  On  withdrawing  the  cork, 
the  air  entering  the  partly  vacuous  space  above  the  liquid  will  be  seen  to  disturb 
the  surface  slightly,  and  from  that  point  beautiful  prismatic  crystals  will  shoot 
through  the  liquid  until  the  whole  has  become  a  nearly  solid  mass.  A  consider- 
able elevation  of  temperature  is  observed,  consequent  upon  the  passage  from  the 
liquid  to  the  solid  form.  If  the  solution  of  sulphate  of  soda  be  somewhat  wealcer. 
containing  exactly  two-thirds  of  its  weight  of  the  crystals,  it  may  be  cooled  with- 
out crystallising,  even  in  vessels  covered  with  glass  plates,  but  a  touch  with  a  glass 
rod  will  start  the  crystallisation  immediately.* 

In  the  laboratory,  stirring  is  always  resorted  to  in  order  to  induce  crystallisa- 
tion, if  it  does  not  take  place  spontaneously.  Thus  it  is  usual  to  test  for  potash 
in  a  solution  by  adding  tartaric  acid,  which  should  cause  the  formation  of  minute 
crystals  of  hitartrate  of  potash  {cream  of  tartar),  but  the  test  seldom  succeeds  unless 
the  solutions  _  are  briskly  stirred  together  with  a  glass  rod  An  amusing  illustra- 
tion of  this  is  aff'orded  by  pouring  a  solution  of  tartaric  acid  into  a  solution  of 
saltpetre,  and  allowing  the  clear  mixture  to  run  over  a  large  plate  of  glass. 
Letters  traced  on  the  glass  with  the  finger  will  now  be  rendered  visible  by  the 
deposition  of  the  crystals  of  bitartrate  of  potash  upon  the  glass. 

46.  The  crystals  of  sulphate  of  soda  produced  in  the  above  experiments 
contain,  ia  a  state  of  combiuation  with  the  salt,  more  than  half  their 
weight  of  Avater.    Their  composition  is 

Anhydrous  sulphate  of  soda  (NaO  .  SO3)  71  parts,  or  one  combining  weight, 
^'^^^r  90    „     or  ten  combining  weights, 

as  expressed  by  the  formula  NaO  .  SO3  +  10  HO.  If  some  of  the  crystals 
be  pressed  between  blotting  paper  to  remove  adhering  water,  and  left 
exposed  to  the  air,  they  wiU  gradually  effloresce,  or  become  covered  with  a 
Avhite  opaque  powder.  This  powder  is  the  anhydrous  sulphate  of  soda  into 
which  the  entire  crystals  woidd  idtiinately  become  converted  by  exposiu-e 
to  air.  Since  most  crystals  contaioing  water  have  their  crystalline  form 
destroyed  or  modified  by  the  loss  of  the  water,  it  is  conunonly  spoken  of 
as  water  of  crystallisation. 

Coloured  salts,  containing  water  of  crystallisation,  generally  change 
colour  when  the  water  is  removed.    The  suljj/iate  of  copper  {hhie  stone) 

tZ  rlUtnT^^t^!;','^'^''^''^'''?.  ^'''^  S'ii'SS  rod  has  been  recently  heated,  it  will  not  cause 

tlie  ci  ystallmtion  even  after  it  has  been  cool  for  .some  time. 
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affords  an  excellent  example  of  this.  The  beautiful  blue  prismatic  crystals 
of  tliis  salt  contain 

Anhydrous  sulpliate  of  copper  (CuO  .  SO3)  79-8  parts,  or  one  combining  weight, 
Water       ......       45-0     „    or  five  combining  weights, 

as  expressed  by  the  formula  CuO  .  SO,  +  5H0. 

When  these  are  exposed  to  the  air  at  the  ordinary  temperature  they 
remain  imchanged;  but  if  heated  to  the  boiling-point  of  water,  they 
become  opaque,  and  may  be  easily  crumbled  down  to  a  white  powder. 
This  powder  contains 

Anhydrous  sulphate  of  copper  (CuO  .  SO3)  79-8  parts,  or  one  combining  weight, 
Water  9      „     or  one  combining  weight, 

and  would  therefore  be  represented  by  CuO  .  SO3  +  HO.  The  four  com- 
bining weights  of  water,  which  have  been  expelled,  constituted  the  water 
of  crystallisation,  upon  which  the  form  and  colour  of  the  sulphate  of 
copper  depend.  If  the  white  powder  be  moistened  with  water,  com- 
bination takes  place,  with  great  evolution  of  heat,  and  the  blue  colour  is 
reproduced.  The  one  combining  weight  of  water  which  still  remains,  is 
not  expelled  until  the  salt  is  heated  to  390°  F.  (199°  C),  proving  that  it 
is  held  to  the  sulphate  of  copper  by  a  more  powerful  chemical  attraction. 
On  this  account  it  is  spoken  of  as  water  of  constitution,  and  in  order  that 
the  formula  of  the  salt  may  exhibit  the  difference  between  the  water  of 
constitution  and  of  crystallisation,  it  is  usually  written — 

CuO  .  SO3 .  HO  +  4Aq.* 

(Def. — Water  of  crystallisation  of  salts  is  that  which  is  generally 
expelled  at  212°  F.  (100°  C),  and  is  connected  with  the  form  and  colour 
of  the  crystals.  Water  of  constitution  is  not  generally  expelled  at  212°  F., 
and  is  in  more  intimate  connexion  with  the  chemical  properties  of  the  salt.) 

Several  of  the  so-called  symjmthetic  inks  employed  for  writings  which 
are  invisible  until  heated,  depend  upon  the  change  of  colour  which  results 
from  the  loss  of  water  of  crystallisation.  Characters  written  with  a  weak 
solution  of  chloride  of  cobalt  and  allowed  to  dry  are  very  nearly  invi- 
sible, since  the  pink  colour  of  so  small  a  quantity  of  the  salt  is  scarcely 
noticed ;  but  on  warming  the  paper,  the  pink  hydrated  chloride  of  cobalt 
(CoCl  +  2Aq.)  loses  its  water  of  crystallisation,  and  the  blue  anhydrous 
chloride  of  cobalt  is  produced.  On  exposure  to  air  tliis  again  absorbs 
water,  and  the  writing  fades  away. 

Some  salts  have  so  great  a  -  tendency  to  combine  with  water,  that  they 
become  moist  or  deliquesce  when  exposed  to  air.  This  deliquescence  is 
exhibited  in  a  marked  degree  by  chloride  of  calcium,  and  its  great  attrac- 
tion for  water  is  turned  to  advantage  in  drying  air  and  other  gases  by 
passing  them  through  tubes  filled  with  the  salt. 

47.  Most  bases  are  capable  of  combining  Avith  water  to  form  hydrates 
as  exemplified  in  the  slaking  of  lime.  Anhydrous  lime  or  quick-lime 
(CaO),  when  wetted  with  water,  combines  with  it,  evolving  much  heat 
and  crumbling  to  a  loose  bulky  powder,  which  is  hydrate  of  lime  or  slaked 
lime  (CaO  .  HO).  At  a  red  heat  the  water  is  expelled,  and  anhydrous 
lime  remains. 

*  Aqua,  water. 
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The  hydrates  of  potash,  soda,  and  baryta,  however,  do  not  lose  their 
water  when  heated,  which  has  led  some  chemists  to  entertain  the  heUef 
that  they  do  not  really  contain  Avater  as  such,  but  that  they  have  been 
formed  from  water  by  the  substitution  of  a  metal  for  a  portion  of  its 
hydrogen.  Upon  this  view,  the  hydrate  of  potash,  instead  of  being  re- 
presented by  the  formula  KO  .  HO,  would  be  KRO^*  or  two  combining 
weights  of  water  (H^O^),  in  which  potassium  has  been  substituted  for  half 
the  hydrogen.  In  representing  chemical  changes  by  equations,  much 
convenience  often  results  from  the  adoption  of  this  formula ;  but  as  the 
same  view  woidd  have  to  be  taken  of  those  hydrates  wliich  hold  their 
water  very  loosely,  we  may  question  the  propriety  of  insisting  upon  the 
above  view  of  the  constitution  of  hydrate  of  potash,  &c.,  as  a  fact  rather 
than  a  convenient  hypothesis. 

48.  If  early  aU  the  acids  are  capable  of  forming  hydrates.  Indeed,  as 
a  general  nde,  the  hydrated  form  of  an  acid  is  that  in  which  it  is  com- 
monly obtained  and  used,  the  anhydrous  acid  being  usually  of  very 
secondary  importance.  Thus,  the  liquid  used  under  the  name  of  concen- 
trated sulphuric  acid  is  the  hydrate  of  that  acid  (HO  .  SO3),  the  anhydrous 
sulphuric  acid  (SO3)  being  a  crystalline  solid  of  no  use  except  to  the 
chemist,  and  not  manifesting  any  acid  jDroperties  until  brought  into  contact 
with  water,  with  wliich  it  combines  with  evolution  of  much  heat.  The 
hydrated  sulphuric  acid  (HO  .  SO3)  does  not  lose  its  water  when  heated, 
but  distils  unchanged,  and  some  chemists  are  of  opinion  that  the  hydi'ogen 
is  not  contained  in  it  in  the  form  of  water,  but  that  the  so-called  hydrated 
sulphuric  acid  should  be  represented  as  HS04,t  so  as  not  to  indicate  that 
it  contains  water.  The  acid  is  thus  represented  as  a  unitary  compound 
(formed  of  one  group),  instead  of  a  binary  compound  of  the  groups  HO 
and  SO3.  Convenient  as  this  view  is  sometimes  found  in  notation  and  in 
theoretical  speculations,  the  circumstance  that  SO3  is  known  in  the  separate 
state,  and  yields  the  hydrated  siUphiuic  acid  when  brought  in  contact 
with  water,  causes  the  latter  view  still  to  find  favour  among  practical 
chemists. 

The  hydrated  sulphuric  acid  (HO .  SO3)  has  a  very  powerful  attraction 
for  more  water,  which  leads  to  its  employment  in  the  laboratory  for 
drying  air  and  gases,  as  well  as  for  producing  many  chemical  changes 
which  depend  upon  the  abstraction  of  water  or  its  elements  (dehydration). 
If  concentrated  sulphuric  acid  (oil  of  vitriol)  be  poured  into  water,  the 
mixture  will  become  very  hot,  in  consequence  of  the  combination  between 
the  two  liquids.  The  water  should  be  stirred  whilst  the  acid  is  being 
poured  in,  as  the  sudden  mixture  of  considerable  quantities  might  cause 
danger  from  the  projection  of  the  liquid. 

49.  Binoxide  or  peroxide  of  hyd/rogen  or  oxygenated  water,  HOg-t  This  compound 
is  not  met  with  in  nature,  nor  has  it  any  important  useful  application  in  the  arts. 
It  has  recently,  however,  acquired  some  importance  as  a  medicinal  agent,  and  it 
possesses  very  great  interest  for  the  student  of  chemical  philosophy,  because  it  helps 
to  throw  some  light  upon  the  atomic  constitution  of  the  elements. 

The  easiest  and  most  interesting  method  of  obtaining  oxygenated  water  (though 
not  in  the  pure  state),  consists  in  exposing  a  few  freshly  scraped  sticks  of  phos- 
phorus to  the  air,  at  the  bottom  of  a  laa-ge  jar,§  with  enough  water  to  cover  one-half 

*  Or,  ife=16,  byKHO. 

t  Or,  If  e  =  16  and  S  =  32,  as  H,Se,. 

X  Or,  if  O  =  16,  tlie  I'ormula  of  iieroxide  of  hydrogen  will  be  HaO^. 
§        P^^°'^P^'°™'*  ii'ay  be  placed  upon  a  porcelain  colander,  which  is  supported  on  the 
surface  of  two  or  three  ounces  of  water  in  a  dish,  and  freely  exposed  to  the  open  air. 
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if  the  sticks.  The  jar  should  be  loosely  covered,  and  the  air  renewed  by  blowing 
into  it  occasionally.  It  should  also  be  placed  in  a  situation  where  no  injury  would 
ensue  if  the  phosphorus  were  to  take  fire  and  crack  the  jar.  Of  course  ozone  will  be 
perceived  in  abundance  in  the  air  of  the  jar,  and  in  the  course  of  a  few  days  the 
water  will  be  highly  charged  with  phosphorous  and  phosphoric  acids,  and  will  have 
absorbed  a  considerable  amount  of  oxygen  from  the  air.  If  a  test-tube  or  small 
cylinder  be  filled  with  this  water,  a  little  powdered  binoxide  of  manganese  thrown 
into  it,  and  the  tube  then  quickly  closed  and  inverted  with  its  mouth  under  water, 
brisk  effervescence  will  ensue  from  the  escape  of  oxygen  which  will  collect  in  the 
tube,  and  may  be  recognised  by  the  usual  test  with  a  partly  extinguished  match. 
The  binoxide  of  manganese  does  not  appear  to  be  decomposed  in  this  experiment, 
the  whole  of  the  oxygen  being  derived  from  the  binoxide  of  hydrogen  dissolved 
in  the  water,  which  is  immediately  decomposed,  by  contact  with  the  binoxide  of 
manganese,  into  water  and  free  oxygen.  If  a  solution  of  permanganate  of  potash 
(KO.MugOy),  which  owes  its  red  colour  to  the  permanganic  acid  (Mn^O^),  be  poured 
into  a  cylinder  partly  filled  with  the  liquid,  it  will  cause  a  rapid  evolution  of  oxygen, 
derived  not  only  from  the  binoxide  of  hydrogen,  but  from  the  permanganic  acid, 
the  red  colour  of  which  disappears,  because  it  becomes  reduced  to  a  lower  oxide  of 
manganese. 

The  usual  method  of  preparing  binoxide  of  hydrogen  in  a  pure  state,  consists  in 
decomposing  the  binoxide  of  barium  with  diluted  hydrochloric  acid,  under  certain 
precautions  to  avoid  the  decomposition  of  the  very  unstable  binoxide  of  hydrogen. 
Its  formation  is  represented  by  the  equation  BaOj  +  HCl  =  HO^  +  BaCl.  The 
chloride  of  barium  is  removed  from  the  solution  by  the  cautious  addition  of  sulphate 
of  silver,  which  precipitates  the  barium  as  sulphate  of  baryta,  and  the  silver  as 
chloride  of  silver,  thus,  BaCl  +  AgO  .  SO3  =  AgCl  +  BaO  .  SO3.  The  precipitates 
are  allowed  to  subside,  and  the  clear  liquid  evaporated  in  the  exhausted  receiver  of 
the  air-pump  over  a  dish  of  oil  of  vitriol  to  absorb  the  water,  which  evaporates  much 
more  rapidly  than  the  binoxide.  The  pure  binoxide  of  hydrogen  is  a  syrupy  liquid 
of  sp.  gr.  1-453,  with  a  very  slight  chlorous  odour.  Its  most  remarkable  feature  is 
the  facility  with  which  it  is  decomposed  into  water  and  oxygen.*  Even  at  70°  P. 
it  begins  to  evolve  bubbles  of  oxygen,  so  that  it  can  scarcely  be  prepared  in  hot 
weather.  At  212°  it  decomposes  with  violence.  The  mere  contact  with  certain 
metals,  such  as  gold,  platinum,  and  silver,  which  have  no  direct  attraction  for  oxy- 
gen, will  cause  the  decomposition  of  the  binoxide  of  hydrogen,  without  any  chemical 
alteration  of  the  metal  itself.t  It  was  noticed  above  that  the  binoxide  of  manganese 
decomposes  it  without  undergoing  any  apparent  change.  The  most  surprising 
effect  IS  that  which  takes  place  with  oxide  of  silver.  If  a  drop  of  binoxide  of  hydro- 
gen be  allowed  to  fall  upon  oxide  of  silver,  which  is  a  brown  powder,  decomposition 
takes  place  with  explosive  violence  and  great  evolution  of  heat,  the  oxide  of  silver 
losing  its  oxygen,  and  becoming  grey  metallic  silver.  The  oxides  of  gold  and 
platinum  are  acted  upon  in  a  similar  manner. 

These  very  extraordinary  changes,  which  were  formerly  described  as  catalytic 
actions,  are  now  generally  accounted  for  by  the  hypothesis  that  the  oxygen  in  the 
oxide  of  silver,  &c.,  exists  in  a  condition  different  from  that  of  the  second  equivalent 
of  oxygen  in  the  binoxide  of  hydrogen,  and  that  these  two  conditions  of  oxvgen 
have  a  chemical  attraction  for  each  other,  similar  to  that  which  exists  between 
dilierent  elements.  If  the  oxygen  in  the  oxide  of  silver  be  represented  as  electro- 
negative oxygen  (see  22),  as  its  relation  to  the  metal  would  lead  us  to  expect,  and 
the  second  atom  of  oxygen  in  the  binoxide  of  hydrogen  be  represented  as  eleclro- 
positive  oxygon,  the  mutual  decomposition  of  the  two  compounds  might  be  repre- 
sented by  the  equation, 

AgO  +  HOO  =  Ag  -1-  HO  4-  00. 

+  — h 

MoUcules— Molecular  formulcB.—This  would  lead  to  the  belief  that 
oxygen  in  its  ordinary  condition,  as  it  exists  in  the  atmosphere,  is  really 
an  oxide  of  oxijgen,  consisting  of  two  atoms  of  oxygen  in  opposite  states, 

*  The  presence  of  a  little  free  acid  renders  it  rather  more  stable,  whilst  free  alkali  ha. 
the  opposite  effect  A  solution  o  peroxide  of  hydrogen,  containing  a  Httle  hydrochloric 
acid,  IS  now  sold  for  medicinal  and  photographic  uses  "juiociuoiic 

t  Such  ine.xplicable  changes  as  this  are  soir.etiines  included  under  the  general  denomina 
tion  of  catalysis,  or  decomposition  by  contact.  i5«"eiai  aenomina- 
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and  that  the  smallest  particle  of  oxygen  which  can  exist  in  the  separate 
state  is  really  composed  of  two  atoms.  This  smallest  particle  of  free 
oxygen  would  be  appropriately  termed  a  molecule  of  oxygen,  whilst  an 
atom  of  oxygen  would  he  defined  as  the  smallest  particle  which  can  exist 
iri  a  state  of  comhination.  If  the  atojnic  weight  of  oxygen  were  taken  to 
he  16,  the  molecular  weight  would  be  32.  It  will  be  seen  hereafter  that 
there  are  reasons  for  extending  this  view  to  the  constitution  of  some  other 
elements,  and  an  opiuion  has  been  propounded,  somewhat  in  advance  of 
existing  experimental  evidence,  that  direct  combination  of  elements  is 
reaUy  a  double  decomposition  where  the  corresponding  atoms  are  exchanged. 
According  to  this  view,  the  formation  of  water  by  the  combination  of 
hydrogen  with  oxygen  would  be  expressed  by  the  eqiiation, 

HH  +  00  =  HO  +  HO 
+  -         +-  +-  -  + 

orH,  +   0,  =  H,0, 

and  the  molecule  of  water,  or  the  smallest  particle  capable  of  existing  in  a 
free  state,  or  of  resulting  from  chemical  action,  would  be  represented  by 
HjOj,  and  would  weigh  18  parts  (H=  1),  or  if  6  =  16  parts  of  oxygen, 
by  H,e. 

It  has  been  suggested  that  ozone  is  really  the  negative  atom  of  oxygen  detached 

from  the  positive  atom  or  antozone  associated  with  it  in  the  molecule  ^0 

this  view  is  supported  by  the  circumstance,  that  hinoxide  of  hydrogen  appears  to  be 
formed  in  all  cases  where  ozone  is  produced  by  slow  oxidation  in  the  presence  of 
water,  making  it  appear  probable  that  the  latter  (HO)  combines  with  the  antozone 

to  form  binoxide  of  hydrogen  ^HOO^  whilst  the  ozone  0  is  eliminated  in  the 

free  state.  The  production  of  ozone  in  the  electrolysis  of  water  (see  23),  appears 
also  to  be  attended  by  that  of  binoxide  of  hydrogen.  Upon  this  view  of  the  nature 
of  ozone,  however,  it  would  not  be  easy  to  explain  the  contraction  which  pure  dry 
oxygen  has  been  found  to  suffer  during  partial  conversion  into  ozone  by  the  action 
of  the  electric  discharge,  or  the  circumstance,  that  when  a  mixture  of  oxygen  and 
ozone  so  produced  is  exposed  to  the  action  of  mercury,  no  diminution  of  volume  is 
observed,  although  the  metal  removes  the  ozone,  combining  with  it  to  form  an  oxide 
of  mercury.  Both  these,  however,  would  be  explicable  on  the  theory  that  ozone  is 
really  formed  by  a  coalition  of  atoms  of  oxygen,  to  produce  a  compound  which  may 
be  represented  as  binoxide  of  hydrogen  (HOO),  in  which  the  hydrogen  is  replaced  by 
oxygen,  forming  (000) ;  then,  just  as  two  volumes  of  hydrogen  combining  with  one 
volume  of  oxygen  contract  to  two  volumes  of  steam,  it  might  be  supposed  tliat  two 
volumes  of  oxygen  combining  with  one  volume  of  oxygen,  would  contract  to  two 
volumes  of  ozone,  and  just  as  on  decomposing  two  volumes  of  steam  with  a  metal, 
two  volumes  of  hydrogen  are  left,  so  on  decomposing  the  two  volumes  of  ozone  witli 
a  metal  two  volumes  of  oxygen  would  be  liberated,  and  no  contraction  observed.  * 
Reasoning  analogically  from  the  properties  of  binoxide  of  hydi-ogen,  this  theory 
would  also  enable  us  to  explain  the  easy  reconversion  of  ozone  by  heat,  and  by  the 
action  of  binoxide  of  manganese. t  The  occurrence  of  binoxide  of  hydrogen  in  so 
many  cases  of  the  production  of  ozone  would  also  favour  this  view. 

*  Some  recent  experiments  have  indicated  that  the  specific  gravity  of  ozone  is  just  what 
this  theory  would  require,  that  is,  half  as  great  again  as  that  of  ordinary  oxygen,  or  1 

+  Finely  divided  platinum,  which  causes  decomposition  of  bino.xide  of  hydrogen,  has 
also  been  found  to  destroy  ozone. 
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50.  This  element  is  especially  remarkable  for  its  uniform  presence  in 
organic  substances.  The  ordinary  laboratory  test  by  which  the  chemist 
decides  whether  a  substance  under  examination  is  of  organic  origin, 
consists  in  heating  it  with  Limited  access  of  air,  and  observing  whether 
any  blackening  from  separation  of  carbon  (carbojiisation)  ensues. 

Few  elements  are  capable  of  assuming  so  many  different  aspects  as  carbon. 
It  is  met  vdth  transparent  and  colomiess  in  the  diamond,  opaque,  black,  and 
quasi-metallic  in  graphite  or  black  lead,  velvety  and  porous  in  wood-charcoal, 
and  imder  new  conditions  in  anthracite,  coke,  and  gas-carbon. 

In  nature,  fi-ee  carbon  may  be  said  to  occur  in  the  forms  of  diamond, 
graphite,  and  anthracite  (the  other  varieties  of  coal  containing  considerable 
proportions  of  other  elements). 

Apart  from  its  great  beauty  and  rarity,  the  diamond  possesses  a  special 
interest  in  chemical  eyes,  from  its  having  perplexed  philosophers  up  to 
the  middle  of  the  last  century,  notwithstanding  the  simplicity  of  the  ex- 
periments required  to  demonstrate  its  true  nature.  The  first  inkling  of  it 
appears  to  have  been  obtained  by  Newton,  when  he  perceived  its  great 
power  of  refracting  light,  and  thence  inferred  that,  Kke  other  bodies 
possessing  that  property  in  a  high  degree,  it  would  prove  to  be  com- 
bustible ("  an  unctuous  substance  coagulated  ").  Wh.en  this  prediction 
was  verified,  the  burning  of  diamonds  was  exhibited  as  a  marvellous 
experiment,  but  no  accurate  observations  appear  to  have  been  made  till 
1772,  when  Lavoisier  ascertained,  by  burning  diamonds  suspended  in  the 
focus  of  a  burning-glass,  in  a  confined  portion  of  oxygen,  that  they  were  en- 
tirely converted  into  carbonic  acid  gas.  In  more  recent  times  this  experi- 
ment has  been  repeated  with  the  utmost  precaution,  and  the  diamond  has 
been  clearly  demonstrated  to  consist  of  carbon  in  a  crystallised  state. 

A  still  more  important  result  of  this  experiment  was  the  exact  determination  of 
the  composition  of  carbonic  acid,  without  which  it  would  not  be  possible  to  ascertain 
exactly  the  proportion  of  carbon  in  any  of  its  numerous  compounds,  since  it  is  always 
weighed  in  that  form. 

The  most  accurate  experiments  upon  the  synthesis  of  carbonic  acid  have  been 
conducted  with  the  arrangement  represented  in  fig.  47. 

Within  the  porcelain  tube  A,  which  is  heated  to  redness  in  a  charcoal  fire,  was 
placed  a  little  platinum  tray,  accurately  weighed,  and  containing  a  weighed  quantity 
of  fragments  of  diamond.  One  end  of  the  tube  was  connected  with  a  gas-holder  B, 
containing  oxygen  which  was  thoroughly  purified  by  passing  through  the  tube  C, 
containing  potash  (to  absorb  any  carbonic  acid  and  chlorine  which  it  might  contain), 
and  dried  by  passing  over  pumice  soaked  with  concentrated  sulphuric  acid  in  D  and 
E.  To  the  other  end  of  the  porcelain  tube.  A,  there  was  attached  a  glass  tube  F, 
also  heated  in  a  furnace,  and  containing  oxide  of  copper,  to  convert  into  carbonic 
acid  any  carbonic  oxide  wliich  might  liave  been  formed  in  the  combustion  of  the 
diamond.  The  carbonic  acid  was  then  passed  over  pumice  soaked  with  sulplmric 
acid  in  6,  to  remove  any  traces  of  moisture,  and  afterwards  into  a  weighed  bulb- 
apparatus  II,  containing  solution  of  potash,  and  two  weighed  tubes  I  K,  containing, 
respectively,  solid  hydrate  of  potash  and  sulphuric  acid  on  pumico,  to  guard  against 
the  escape  of  aqueous  vapour  taken  up  by  tlie  excess  of  oxygon  in  its  passage 
through  the  bulbs  H.  Tlie  increase  of  weight  in  H,  I,  K,  represented  tlie  carbonic 
acid  formed  in  the  combustion  of  an  amount  of  diamond  indicated  by  tlio  loss  of 
weight  suffered  by  the  platinum  tray,  and  tlie  difference  between  tlio  diamond 
consumed  and  the  carbonic  acid  formed  would  express  the  amount  of  oxygen  wliicli 
had  combined  with  tlic  carbon.  A  largo  number  of  experiments  conducted  in  this 
manner,  both  with  diamond  and  graphite,  showed  that  6  parts  of  carbon  furnished 
22  parts  of  carbonic  acid,  and  consumed,  therefore,  1 6  parts  of  oxygen 

The  ordinary  mode  of  exhibiting  the  combustion  of  the  diamond  on  the  lecture 


54 


COMBUSTION  OF  DIAMOND. 


table,  consists  in  suspending  it  within  a  double  loop  of  platinum  wire  attached  to  an 
iron  wire  passing  through  a  deHagrating-collar,  and  heating  it  "in  a  jet  of  oxygen 


Fig.  47. — Exact  synthesis  of  carbonic  acid. 

sent  through  a  gas  or  spirit  flame  (fig.  48).  As  soon  as  it  has  attained  a  white  heat, 
the  diamond  is  plunged  into  a  globe  of  oxygen,  and  after  burning  for  a  few  seconds, 
it  is  withdrawn,  and  a  little  lime-water  is  shaken  in  the  globe  to  produce  the  milky 


Fig.  48. 


deposit  of  carbonate  of  lime.  It  not  unfrequently  happens  that  the  blowpipe  flame 
fuses  the  platinum  wire,  and  the  diamond  drops  out  before  it  can  be  immersed  in  the 
oxygen.  A  more  convenient  arrangement  is  shown  in  fig.  49.  The  diamond  is 
supported  in  a  short  lielix  of  platinum  wire  A,  which  is  attached  to  the  copper  wires 
o  B,  passing  through  the  cork  C,  and  connected  with  tlio  terminal  wires  of  n 
(jrove  s  battery  of  live  or  six  cells.  The  globe  having  been  filled  with  oxygen  by 
passing  the  gas  down  into  it  till  a  match  indicates  that  the  excess  of  oxygen  it^ 
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streaming  out  of  tbo  globe,  the  cork  is  inserted,  and  the  wires  connected  with  the 
battery.  When  the  heat  developed  in  the  platinum  coil,  by  the 
passage  of  the  current,  lias  raised  the  diamond  to  a  full  red 
heat,  the  connexion  with  the  battery  may  be  interrupted,  and 
the  diamond  will  continue  to  burn  with  steady  and  intense 
brilliancy. 


To  an  observer  unacquainted  with,  the  satisfactory  yi 
natme  of  this  demonstration,  it  would  appear  incre-  "^^^^^^ 
dible  that  the  transparent  diamond,  so  resplendent  as^  to 
have  been  reputed  to  emit  light,  should  be  identical  in  its  chemical 
composition  with  graphite  {pluinhago  or  Uack  lead)  from  which,  in  ex- 
ternal appearance,  it  differs  so  widely.  For  this  difference  is  not  con- 
fined to  their  colour;  in  crystalline  form  they  are  not  in  tlie  least 
alike,  the  diamond  occurring  generally  in  octahedral  crystals,  wMe  gra- 
phite is  found  either  in  amorjjhous  masses  (that  is,  having  no  definite 
crystalline  form),  or  in  six-sided  plates  which  are  not  geometrically  allied 
with  the  form  assumed  by  the  diamond.  Carbon,  therefore,  is  dimorphous, 
or  occurs  in  two  distiact  crystalline  forms.  Even  in  weight,  diamond  and 
graphite  are  very  dissimilar,  the  former  having  an  average  specific  gravity 
of  3-5,  and  the  latter  of  2-3.  Again,  a  crystal  of  diamond  is  the  hardest 
of  all  substances,  whence  it  is  used  for  cutting  and  for  writiog  upon  glass, 
but  a  mass  of  graphite  is  soft  and  easily  cut  with  a  knife.  The  diamond 
is  a  non-conductor  of  electricity,  but  the  conducting  power  of  graphite 
renders  it  useful  in  the  electrotyjje  process. 

Diamonds  are  chiefly  obtained  from  Golconda,  Borneo,  and  the  Brazils. 
They  usually  occur  enveloped  in  sandstone  or  quartz  pebbles,  which  ap- 
pear to  have  been  rounded  by  attrition  in  the  beds  of  running  streams. 
The  hardness  of  the  diamond  renders  it  necessary  to  employ  diamond- 
dust  for  the  purpose  of  cutting  and  polishing  it,  which  is  effected  with 
the  aid  of  a  revolving  disk  of  steel,  to  the  surface  of  which  the  diamond- 
dust  is  applied  in  the  form  of  a  paste  made  with  oil.  The  crystal  in  its 
natural  state  is  best  fitted  for  the  purpose  of  the  glazier,  for  its  edges  are 
usually  somewhat  curved,  and  the  angle  formed  by  these  cuts  the  glass 
deeply,  while  the  angle  formed  by  straight  edges,  lilce  those  of  an  ordinary 
jeweller's  diamond,  is  only  adapted  for  scratching  or  writing  upon  glass. 
The  diamond-dust  used  for  polishing,  &c.,  is  obtained  from  a  dark  amor- 
phous diamond  found  at  Bahia  in  the  Brazils;  1000  ounces  annually  are 
said  to  have  been  occasionally  obtained  from  this  source.  When  bui-nt, 
the  diamond  always  leaves  a  minute  proportion  of  ash  of  a  yellowish 
colour  in  which  silica  and  oxide  of  iron  have  been  detected. 

Although  the  diamond,  when  preserved  from  contact  with  the  air,  may 
be  heated  very  strongly  in  a  furnace,  without  suffering  any  change,  it  is 
not  proof  against  the  intense  heat  of  the  discharge  taking  place  between 
two  carbon  points  attached  to  the  terminal  wires  of  a  powerful  galvanic 
battery.  If  the  experiment  be  performed  in  a  vessel  exhausted  of  air,  the 
diamond  becomes  converted  into  a  black  coke-Hke  mass  which  closely 
resembles  graphite  in  its  properties. 

Graphite  always  leaves  more  ash  than  the  diamond,  consisting  chiefly 
of  the  oxides  of  iron  and  manganese,  with  particles  of  quartz,  and  some- 
times titanic  acid.  The  purest  specimens  are  those  of  compact  amor- 
phous graphite  from  Bon-owdale  in  Cumberland ;  an  inferior  variety  ioi- 
ported  from  Ceylon,  is  crystaUinc,  being  composed  of  hexagonal  plktes 
Graphite  is  obtained  artificiaUy  in  the  manufacture  of  cast  iron  •  in  some 
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cases,  a  portion  of  the  carbon  of  the  cast  ii-on  separates  in  cooling  in  the 
form  of  crystalline  scales  of  graphite,  technically  called  kish.  In  the 
grey  variety  of  cast  iron  these  scales  of  graphite  are  diffused  through  the 
mass  of  the  metal,  and  are  left  undissolved  when  the  iron  is  dissolved  by 
an  acid. 

Graphite  is  far  more  useful  than  the  diamond,  for,  in  addition  to  its 
application  ia  black  lead  pencils,  and  for  covering  the  surface  of  iron  in 
order  to  protect  it  from  rust,  it  is  largely  employed,  in  admixture  with 
clay,  for  the  fabrication  of  the  black  lead  crucibles  or  Hue  23ots,  as  they 
are  commonly  called,  which  are  so  valuable  to  the  metallurgist,  for  then- 
power  of  resisting  high  temperatures.  Graphite  is  also  sometimes  em- 
ployed for  lubricating,  to  diminish  friction  in  machinery,  and  for  facing 
or  imjDarting  a  fine  glazed  surface  to  gunpowder. 

(Anthracite  and  the  other  varieties  of  coal  wiU  be  described  in  a  sepa- 
rate section.) 

51.  Several  varieties  of  carbon,  obtained  by  artificial  processes,  are  em- 
ployed in  the  arts.  The  most  important  of  these  are  lamp  black,  wood 
charcoal,  and  animal  charcoal. 

Lamp  black  approaches  more  nearly  in  composition  to  pure  carbon  than 
either  of  the  others,  and  is  the  soot  obtained  from  the  imperfect  combus- 
tion of  resinous  and  tarry  matters  (or  of  highly  bituminous  coal),  from 
which  source  it  derives  the  small  quantities  of  resin,  of  nitrogen,  and 
sulphur  which  it  contains.  The  uses  of  this  substance,  as  an  ingredient 
of  pigments,  of  printing  ink,  and  of  blacking,  depend  evidently  more  upon 
its  black  colour  than  upon  its  chemical  properties. 

Wood  charcoal  presents  more  features  which  arrest  the  attention  of  the 
chemist,  as  well  on  account  of  its  sjjecific  projDerties,  as  of  the  influence 
exercised  by  the  method  adopted  for  obtaining  it,  upon  its  fitness  for  the 
particular  purpose  which  it  may  be  destined  to  serve. 

K  a  piece  of  wood  be  heated  in  an  ordinary  fire,  it  is  speedily  con- 
sumed, with  the  exception  of  a  grey  ash  consisting  of  the  incombustible 
mineral  substances  which  it  contained ;  if  the  experiment  were  performed 
in  such  a  manner  that  the  products  of  combustion  of  the  wood  could  be 
collected,  these  would  be  found  to  consist  of  carbonic  acid  and  water , 
woody  fibre  is  composed  of  carbon,  hydi-ogen,  and  oxygen  (CioHj^OJ, 
and  when  it  is  burnt,  the  oxygen,  in  conjunction  with  more  oxygen  de- 
rived from  the  air,  converts  the  carbon  and  hydrogen  into  carbonic  acid 
and  water.  But  if  the  wood  be  heated  in  a  glass  tube,  closed  at  one  end, 
it  will  be  found  impossible  to  reduce  it,  as  before,  to  an  ash,  for  a  mass  of 
charcoal  wiU  remain,  having  the  same  form  as  that  of  the  piece  of  wood ; 
in  this  case,  the  oxygen  of  the  air  not  having  been  allowed  fi'ee  access  to 
the  wood,  no  true  combustion  has  taken  place,  but  the  Avood  has  under- 
gone destructive  distillation,  that  is,  its  elements  have  arranged  them- 
selves, imder  the  influence  of  the  high  temperatiu-e,  into  diflerent  forms 
of  combination,  for  the  most  part  simpler  in  their  chemical  composition 
than  the  wood  itself,  and  capable,  unhke  the  wood,  of  endiu-ing  that 
temperature  without  decomposition ;  thus,  it  is  merely  an  exchange  of  an 
unstable  for  a  stable  equilibrium  of  the  particles  of  matter  composing  the 
wood. 

_  (Dep.    Destructive  distillation  is  the  resolution  of  a  complex  substance 
mto  simpler  forms  under  the  influence  of  heat,  out  of  contact  Avith  aii\) 
The  vapours  issuing  from  the  mouth  of  the  tube  will  be  found  acid 
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10  blue  litmus  paper;  they  have  a  peculiar  odour,  and  readUy  take  fire 
OH  contact  with  flame.  These  will  be  more  particularly  noticed  here- 
after, as  they  contain  some  very  useful  substances.  The  charcoal  which 
is  left  is  not  pure  carbon,  but  contains  considerable  quantities  of  oxygen 
and  hydrogen,  with  a  little  nitrogen,  and  the  mineral  matter  or  ash  of 
the  wood. 

When  the  charcoal  is  to  be  used  for  fuel,  it  is  generally  prepared  by 
a  process  in  which  the  heat  developed  by  the  combustion  of  a  portion 
of  the  wood  is  made  to  effect  the  charring  of  the  rest.  With  this  view 
the  billets  of  wood  are  built  up  into  a  heajD  (fig.  50)  around  stakes  driven 
into  the  ground,  a  passage 
being  left  so  that  the  heap 
may  be  kindled  in  the  centre. 
This  moimd  of  wood,  which 
is  generally  from  30  to  40  feet 
in  diameter,  is  closely  covered 
with  turf  and  sand,  excejat  for 
a  few  inches  around  the  base, 
where  it  is  left  imcovered  to 
give  vent  to  the  vapoiu'  of  Fig-  50.— CJiarcoal  heap, 

water  expelled  from  the  wood  in  the  first  stage  of  the  process.  When 
the  heap  has  been  kindled  in  the  centre,  the  passage  left  for  this  pur- 
pose is  carefully  closed  up.  After  the  combustion  has  proceeded  for 
some  time,  and  it  is  judged  that  the  wood  is  perfectly  dried,  the  open 
space  at  the  base  is  also  closed,  and  the  heap  left  to  smoulder  for  three 
or  foui-  weeks,  when  the  wood  is  perfectly  carbonised.  Upon  an  average, 
22  parts  of  charcoal  are  obtained  by  this  process  from  100  of  wood. 

A  far  more  economical  process  for  preparing  charcoal  from  wood  consists 
in  heating  it  in  an  iron  case  or  sli]:)  (F,  fig.  51)  placed  in  an  iron  re- 
tort A,  from  which  the  gases  and 
vapours  are  conducted  by  the  pipe 
L  into  the  furnace  B,  where  they 
are  consumed. 

On  the  small  scale,  the  opera- 
tion may  be  conducted  in  a  glass 
retort,  as  shown  in  fig.  52,  where 
the  water,  tar,  and  naphtha  are 
deposited  in  the  globular  receiver, 
and  the  inflammable  gases  are  col- 
lected over  water. 

The  infusibility  of  the  charcoal 
left  by  wood  accounts  for  its  very 
great  porosity,  upon  which  some 
of  its  most  remarkable  and  useful 
properties  depend.    The  applica- 


Fig.  51. — Charcoal  retort. 


tion  of  charcoal  for  the  purpose  of  "  sweetening"  fish  and  other  food  in  a 
state  of  incipient  putrefaction  has  long  been  practised,  and  more  recently 
charcoal  has  been  employed  for  deodorisincj  all  kinds  of  putrefying  and 
oflFensive  animal  or  vegetable  matter.  This  property  of  charcoal  depends 
upon  its  power  of  absorbing  into  its  pores  very  considerable  quantities  of 
the  gases,  especially  of  those  which  are  easily  absorbed  by  water.  Tluis 
one  cubic  inch  of  charcoal  is  capable  of  absorbing  about  100  cubic 
inches  of  ammonia  gas  and  50  cubic  inches  of  sulphuretted  hydrogen 
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which  are  conspicuous  among  the  offensive  results  of  putrefac- 
This  condensation  of  gases  by  charcoal  is  a  mechanical  effect,  and 

does  not  involve  a  chemical 
combination  of  the  charcoal 
with  the  gas;  it  is  exhibited 
most  powerfully  by  char- 
coal which  has  been  re- 
cently heated  to  redness  in 
a  closed  vessel,  and  cooled 
out  of  contact  with  air  by 
plunging  it  under  mercury. 
Eventually  the  offensive 
gases  absorbed  by  the  char- 
coal are  chemically  acted  on 


Pig.  52. — Distillation  of  wood. 


by  the  oxygen  of  the  air  in  its  pores.  A  cubic  inch  of  wood  charcoal  absorbs 
nearly  10  cubic  inches  of  oxygen,  and  when  the  charcoal  containing  the  gas 
thus  condensed  is  presented  to  another  gas  which  is  capable  of  undergoing 
oxidation,  this  latter  gas  is  oxidised  and  converted  into  inodorous  pro° 
ducts.  Thus,  if  charcoal  be  exposed  to  the  action  of  air  containing  sul- 
phuretted hydrogen  gas,  it  condenses  within  its  pores  both  this  gas  and 
the  atmospheric  oxygen,  which  then  converts  the  hydrogen  into  water 
(HO)  and  the  sulphur  into  sulphuric  acid  (SO^). 

The  great  porosity  of  wood  charcoal  is  strikingly  exhibited  by  attaching  a  piece  of 
lead  to  a  stick  of  charcoal  (fig.  53),  so  as  to  sink  it  in  a  cylinder  of  water,  which  is 
then  placed  under  the  receiver  of  the  air-pump.  On  exhausting  the  air,  innumerable 
bubbles  will  start  from  the  pores  of  the  charcoal,  causing  brisk  effervescence.  If  a 
glass  tube  10  or  12  inches  long  be  thoroughly  filled  with  ammonia  gas  (fig.  54),  sup- 
ported in  a  trough  containing  mercury,  and  a  small  stick  of  recently  calcined  char- 


Kg.  53. 


Fig.  54. 


coal  introduced  through  the  mercury  into  the  tube,  the  charcoal  will  absorb  the 
ammonia  so  rapidly  that  the  mercury  will  soon  be  forced  up  and  fill  the  tube,  carrying 
the  charcoal  up  with  it.  On  removing  the  charcoal,  and  placing  it  upon  the  hand, 
by  It  ^''^d°°  °^  ""^"^  ^^^^     perceived  from  the  rapid  escape  of  ammonia,  perceptible 

By  exposing  a  fragment  of  recently  calcined  wood-charcoal  under  a  jar  filled  with 
nyarosuiphuric  acid  gas  for  a  few  minutes,  so  that  it  may  become  saturated  with 
tne  gas,  and  then  covering  it  with  a  jar  of  oxvgen,  the  latter  gas  will  act  upon 
ine  lormer  with  such  ouergy  that  the  charcoal  will  burst  into  vivid  combustion, 
j-ne  jai  must  not  be  closed  air-tight  at  the  bottom,  or  the  sudden  expansion  may 
I  1  •■  ,y'"^'''^°^*  powder  exposed  in  a  porcelain  crucible  may  also  be 
ployed  in  the  same  way.    It  should  be  pretty  strongly  heated  in  the  covered 
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cible,  and  allowed  to  become  nearly  cool  before  being  exposed  to  tlie  liydrosulphuric 
acid. 

Charcoal  prepared  from  hard  woods  absorbs  the  largest  volume  of  gas.  Thus 
logwood  charcoal  has  been  found  to  absorb  111  times  its  volume  of  ammoniacal 
gas.  Charcoal  made  from  the  shell  of  the  cocoa-nut  is  even  more  absorbent,  al- 
though its  pores  are  quite  invisible,  and  its  fracture  exhibits  a  semi-metallic  lustre. 

As  the  gases  which  are  evolved  in  putrefaction  are  of  a  poisonous  cha- 
racter, the  power  of  wood  charcoal  to  remove  them  acquires  great  practical 
importance,  and  is  applied  in  very  many  cases  ;  the  charcoal  in  coarse 
powder  is  thicldy  strewn  over  matters  from  which  the  effluvium  proceeds, 
or  is  exposed  in  shallow  trays  to  the  air  to  be  sweetened,  as  in  the  wards 
of  hospitals,  &c.  It  has  even  been  placed  in  a  flat  box  of  wire  gauze  to 
be  fixed  as  a  ventilator  before  a  window  through  which  the  contaminated 
air  might  have  access,  and  respirators  constructed  on  the  same  principle 
have  been  found  to  afford  protection  against  poisonous  gases  and  vapours. 
The  ventnatiug  openings  of  sewers  in  the  streets  are  also  fitted  with  cases 
contairiing  charcoal  for  the  same  purpose.  Water  is  often  filtered  through 
charcoal  in  order  to  free  it  from  the  noxious  and  disagreeable  sulphuretted 
hydrogen  which  is  sometimes  developed  in  it.  For  all  such  uses  the  char- 
coal should  have  been  recently  heated  to  redness  in  a  covered  vessel  in 
order  to  expel  the  moisture  which  it  attracts  when  exposed  to  the  air,  and 
the  charcoal  which  has  lost  its  power  of  absorption  wUl  be  found  to  regain 
it  in  great  measure  when  heated  to  redness. 

This  power  of  absorption  which  charcoal  possesses  is  not  confined  to 
gases,  for  many  liquid  and  solid  substances  are  capable  of  beiug  removed 
by  that  agent  from  their  solution  in  water. 
This  is  most  readily  traced  in  the  case  of 
substances  which  impart  a  colour  to  the 
solution,  such  colour  being  often  removed 
by  the  charcoal ;  if  port  wine  or  infusion  of 
logwood  be  shaken  with  powdered  charcoal 
(especially  if  the  latter  has  been  recently 
heated  to  redness  in  a  closed  crucible),  the 
liquid,  when  filtered  (fig.  55),  wiU  be  found 
to  have  lost  its  colour ;  the  colouring  mat- 
ter, however,  seems  merely  to  have  adhered 
to  the  charcoal,  for  it  may  be  extracted 
from  the  latter  by  treatment  with  a  weak 
alkaline  liquid.   

The  decolorising  power  of  wood  charcoal  "C^^^^^&^JgT-- ' 
is  very  feeble  ia  comparison  with  that  pos- 
sessed by  bone-hlacJc  or  animal  charcoal,  ^^g-  55.— Filtration, 
which  is  obtained  by  heating  bones  in  ves- 
sels from  which  the  air  is  excluded.    Bones  are  composed  of  about  one- 
third  of  animal  and  two-thirds  of  mineral  substances,  the  latter  including 
phosphate  of  lime,  which  amounts  to  more  than  half  the  weight  of  the  bone, 
and  a  little  carbonate  of  lime.  "When  bone  is  heated,  as  in  a  retort,  so  that 
air  is  not  allowed  to  have  free  access  to  it,  the  animal  matter  undergoes 
destructive  distillation,  its  elements,  carbon,  hydrogen,  nitrogen,  and 
oxygen,  assuming  other  forms,  the  greater  part  of  the  three  last  elements, 
together  with  a  portion  of  the  carbon,  escaping  in  different  gaseous  and 
vaporous  products,  while  a  considerable  proportion  of  the  carbon  remains 
behind,  intimately  mLxed  with  the  earthy  ingredients  of  the  bone,  and 
constituting  the  substance  known  as  animal  charcoal.    Tlie  great  differ- 
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ence  between  the  products  of  tlie  destructive  distillation  of  bone  and  of 
wood  deserves  a  passing  notice.  If  a  fragment  of  bone  or  a  shaving  of 
horn  be  heated  in  a  glass  tube  closed  at  one  end,  the  vapours  which  are 
evolved  will  be  found  strongly  alkaline  to  test-papers,  while  those  fur- 
nished by  the  wood  were  acid ;  this  difference  is  to  be  ascribed  mainly 
to  the  presence  of  nitrogen  in  the  bone,  wood  being  nearly  free  from  that 
element ;  it  will  be  found  to  hold  good  as  a  general  rule,  that  the  results 
of  the  destructive  distillation  of  animal  and  vegetable  matters  containing 
much  nitrogen  are  alkaline,  from  the  presence  of  ammonia  (NHg)  and 
similar  compounds,  wliile  those  fui'nished  by  non-nitrogenised  substances 
possess  acid  characters  :  the  peculiar  odour  which  is  emitted  by  the  heated 
bone  is  characteristic,  and  affords  us  a  test  by  which  to  distinguish 
I'oughly  between  nitrogenised  and  non-nitrogenised  bodies. 

An  examination  of  the  charred  mass  remaining  as  the  ultimate  result 
of  the  action  of  heat  upon  bone,  shows  it  to  contain  much  less  carbon 
than  that  furnished  by  wood,  for  the  bone-charcoal  contains  nearly  nine- 
tenths  of  its  weight  of  phosphate  (with  a  little  carbonate)  of  lime ;  the 
consequence  of  the  presence  of  so  large  an  amount  of  earthy  matter  must 
be  to  extend  the  particles  of  carbon  over  a  larger  space,  and  thus  to  ex- 
pose a  greater  surface  for  the  adhesion  of  colouring  matters,  &c.  This 
may  partly  help  to  explain  the  very  great  superiority  of  bone-black  to 
wood  charcoal  as  a  decolorising  agent,  and  the  explanation  derives  support 
from  the  circumstance  that  when  animal  charcoal  is  deprived  of  its  earthy 
matter,  for  chemical  uses,  by  washing  mth  hydrochloric  acid,  its  decolor- 
ising power  is  very  considerably  reduced.  The  application  of  this  variety 
of  charcoal  is  not  confined  to  the  chemical  laboratory,  but  extends  to 
manufacturing  processes.  The  sugar-refiner  decolorises  his  syrup  by  filter- 
ing it  through  a  layer  of  ardmal  charcoal,  and  the  distiller  employs  char- 
coal to  remove  the  empyreumatic  oils  with  which  distilled  spirits  are 
frequently  contaminated. 

Carbon  is  remarkable,  among  elementary  bodies,  for  its  indisposition  to 
enter  directly  into  combination  with  the  other  elements,  whence  it  follows 
that  most  of  the  compounds  of  carbon  have  to  be  obtained  by  indirect 
processes.  This  element  appears,  indeed,  to  be  incapable  of  uniting  with 
any  other  at  the  ordinary  temperature,  and  this  circumstance  is  occasion- 
ally turned  to  useful  account,  as  when  the  ends  of  wooden  stakes  are 
charred  before  being  plunged  into  the  earth,  when  the  action  of  the 
atraospheric  oxygen,  which,  in  the  presence  of  moisture,  would  be  very 
active  in  effecting  the  decay  of  the  wood,  is  resisted  by  the  charcoal  into 
which  the  external  layer  has  been  converted.  The  employment  of  black 
lead  to  protect  metallic  surfaces  from  rust  is  another  application  of 
the  same  principle.  At  a  high  temperature,  howcA'^er,  carbon  combines 
readily  with  oxygen,  sulphur-,  and  with  some  of  the  metals,  and,  at  a 
very  high  temperature,  even  with  hydrogen.  The  tendency  of  carbon  to 
combine  with  oxygen  under  the  influence  of  heat,  is  shoAvn  when  a  piece 
of  charcoal  is  strongly  heated  at  one  point,  when  the  carbon  at  tliis  point 
at  once  combines  with  the  oxygen  of  the  surroundmg  aii-  (forming  car- 
bonic acid),  and  the  heat  developed  by  tliis  combustion  raises  the  neigh- 
bourmg  particles  of  carbon  to  the  temperature  at  which  the  element  unites 
with  oxygen,  and  thus  the  combustion  is  gradually  propagated  tlu'oughout 
tlie  mass,  winch  is  ultimately  converted  entirely  into  carbonic  acid  gas, 
notiimg  remaining  but  the  wliite  ash,  composed  of  the  mineral  substances 
derived  trom  the  wood  employed  for  preparmg  the  charcoal.    It  is  worthy 
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-['remark,  that  if  charcoal  had  been  a  better  conductor  of  heat,  it  -would  not 
have  been  so  easily  kindled,  since  the  heat  ajoplied  to  any  point  of  the 
mass  wonld  have  been  rajjidly  diffused  over  its  whole  bulk,  and  this 
point  coidd  not  have  attained  the  high  temperature  requisite  for  its  igni- 
tion, until  the  whole  mass  had  been  heated  nearly  to  the  same  degree ; 
this  is  actually  fovind  to  be  the  case  in  charcoal  wliich  has  been  very 
strongly  heated  (out  of  contact  with  air),  when  its  conducting  power  is 
greatly  improved,  and  it  Idndles  with  very  great  difficulty.  The  calorific 
value  of  carbon  is  represented  by  the  number  8080,  that  is,  1  gr.  of  car- 
bon, when  burnt  so  as*  to  form  carbonic  acid,  is  capable  of  raising  8080 
grs.  of  water  from  0°  C.  to  1°  C. 

A  given  weight  of  charcoal  will  produce  twice  as  much  available  heat 
as  an  equal  weight  of  wood,  since  the  former  contains  more  actual  'fuel 
and  less  oxygen,  and  much  of  the  heat  evolved  by  the  wood  is  absorbed 
or  rendered  latent  in  the  steam  and  other  vapours  which  are  produ^ced  by 
the  action  of  heat  upon  it.  The  attraction  possessed  by  carbon  for  oxygen 
at  a  high  temperature  is  turned  to  account  in  metallurgic  operations,  when 
coal  and  charcoal  are  employed  for  extracting  the  metals  from  their  com- 
pounds with  oxygen.* 

The  unchangeable  solidity  of  carbon  is  another  remarkable  feature.  It 
is  stated  that  some  approach  has  been  made,  at  extremely  high  tempera- 
tures, to  the  fusion  and  vaporisation  of  carbon,  but  it  cannot  be  said  to 
have  been  fairly  established  that  this  element  is  able  to  exist  in  any  other 
than  the  sohd  form.  Nor  can  any  substance  be  found  by  the  aid  of 
which  carbon  may  be  brought  into  the  liquid  form  by  the  process  of 
solution,  for  although  charcoal  gradually  disappears  when  boiled  with 
sulphuric  and  nitric  acids,  it  does  not  undergo  a  simple  solution,  but  is 
converted,  as  will  be  seen  hereafter,  into  carbonic  acid. 

52.  Coal. — The  various  substances  wliich  are  classed  together  under  the 
name  of  coal  are  characterised  by  the  presence  of  carbon  as  a  largely  pre- 
dominant constituent,  associated  with  smaller  quantities  of  hydrogen, 
oxygen,  nitrogen,  sulphur,  and  certain  mineral  matters  which  compose  the 
ash.  Coal  appears  to  have  been  formed  by  a  peculiar  decomposition  or 
fermentation  of  buried  vegetable  matter,  resulting  in  the  separation  of  a 
large  proportion  of  its  hydrogen  in  the  form  of  marsh-gas  (C^HJ,  and 
similar  compounds,  and  of  its  oxygen  in  the  form  of  carbonic  acid  (COj), 
the  carbon  accumulating  in  the  residue.  Thus,  cellulose  (Ci2H,„0,o),  which 
constitutes  the  bulk  of  woody  fibre,  might  be  imagined  to  decompose 
according  to  the  equation  ^G^^^^O^^  =  SCjH^  +  lOCOj  -i-  C^,  and  the 
occurrence  of  marsh-gas,  and  of  the  petroleum  hydrocarbons  of  similar 
composition,  as  well  as  of  carbonic  acid,  in  connexion  with  deposits  of 
coal,  supports  this  account  of  its  formation.  Marsh-gas  and  carbonic 
acid  are  the  ordinary  products  of  the  fermentation  of  vegetable  matter, 
and  a  spontaneous  carbonisation  is  often  witnessed  in  the  "heating"  of 
damp  hay.  But  just  as  the  action  of  heat  upon  wood  produces  a  charcoal 
containing  smaU  quantities  of  the  other  organic  elements,  so  the  carbon- 
ising process  by  which  the  plants  have  been  transformed  into  coal,  has 
left  behind  some  of  the  hydrogen,  oxygon,  and  nitrogen ;  the  last,  as  well 
probably  as  a  little  of  the  sulphur,  having  been  derived  from  the  vegetable 
albumen  and  similar  substances  which  are  always  present  in  plants.  The 

*  Easily  reducible  oxides,  s\\c\\  as  oxide  of  lead,  give  carbonic  acid  when  heated  with 
charcoal;  2PbO  +  C  =  Pb,  +  CO.,  but  oxides  which  are  not  easily  reducible  such  as 
oxide  of  zinc,  give  carbonic  oxide  ;  ZnO  +  C  =  CO  +  Zn.  "  ' 
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chief  part  of  the  sulphur  is  generally  present  in  the  form  of  iron  pyrites, 
derived  from  some  extraneous  source.  The  examination  of  a  peat-bog  is 
very  instructive  with  reference  to  the  formation  of  coal,  as  affording  ex- 
amples of  vegetable  matter  in  every  stage  of  decomposition,  from  that  in 
wliich  the  organised  structure  is  still  clearly  visible,  to  the  black  carbon- 
aceous mass  which  only  requires  consolidation  by  pressure  in  order  to 
resemble  a  true  coal. 

The  three  principal  varieties  of  coal — lignite,  Mtuminoiis  coal,  and  an- 
thracite— present  us  with  the  material  in  different  stages  of  carbonisation  ; 
the  lignite,  or  brown  coal,  presenting  indications  "of  organised  structure, 
and  containing  considerable  proportions  of  hydrogen  and  oxygen,  while 
anthi-acite  often  contains  Kttle  else  than  carbon  and  the  mineral  matter  or 
ash;  The  following  table  shows  the  progressive  diminution  in  the  propor- 
tions of  hydrogen  and  oxygen  in  the  passage  from  wood  to  anthracite  : — 


Carbon. 

Hydrogen. 

Oxygen. 

Wood, 

100 

12-18 

83-07 

Peat,  .... 

100 

9-85 

56-67 

Lignite, 

100 

8-37 

42-42 

Bituminous  coal, 

100 

6-12 

21-23 

Anthracite, 

100 

2-84 

1-74 

The  combustion  of  coal  is  a  somewhat  comj)lex  process,  in  consequence 
of  the  re-arrangement  which  its  elements  undergo  when  the  coal  is  sub- 
jected to  the  action  of  heat. 

As  soon  as  a  flame  is  appUed  to  kindle  the  coal,  the  heated  portion 
undergoes  destructive  distillation,  evolving  various  combustible  gases  and 
vapours,  which  take  fire  and  convey  the  heat  to  remoter  portions  of  the 
coal.  Whilst  the  elements  of  the  exterior  portion  of  coal  are  undergoing 
combustion,  the  heat  thus  evolved  is  submitting  the  interior  of  the  mass 
to  destructive  distillation,  resulting  in  the  production  of  various  com- 
pounds of  carbon  and  hydrogen.  Some  of  these  products,  such  as  marsh- 
gas  (CjHJ  and  olefiant  gas  (C^HJ,  burn  without  smoke ;  while  others, 
like  benzole  (Ci^Hg)  and  naphthaline  (Cj^Hg),  which  contain  a  very 
large  proportion  of  carbon,  undergo  partial  combustion,  and  a  consider- 
able quantity  of  carbon,  not  meeting  mth  enough  heated  oxygen  in  the 
vicinity  to  burn  it  entirely,  escapes  in  a  very  finely  divided  state  as 
smoke  or  soot,  which  is  deposited  in  the  chimney,  mixed  with  a  Httle 
carbonate  of  ammonia,  and  small  quantities  of  other  products  of  the  dis- 
tillation of  coal.  When  the  gas  has  been  expelled  from  the  coal,  there 
remains  a  mass  of  coke  or  cinder,  which  bm-ns  with  a  steady  glow  until 
the  whole  of  its  carbon  is  consumed,  and  leaves  an  ash,  consisting  of  the 
mineral  substances  present  in  the  coal.  The  final  results  of  the  perfect 
combustion  of  coal  would  be  carbonic  acid  (COg),  water  (HO),  nitrogen, 
a  little  sulphurous  acid  (SOJ,  and  ash.  The  production  of  smoke  in  a 
furnace  supplied  with  coal  may  be  prevented  by  charging  the  coal  in 
smaU  quantities  at  a  time  in  front  of  the  fire,  so  that  the  liighly  carbon- 
aceous vapours  must  come  in  contact  with  a  large  voliune  of  heated  au- 
before  reaching  the  cliimney.  In  arrangements  for  consuming  the  smoke, 
hot  air  is  judiciously  admitted  at  the  back  of  the  fire,  in  order  to  meet 
and  consume  the  heated  carbonaceous  particles  before  they  pass  into  the 
chimney. 

_  The  difference  in  the  composition  of  the  several  varieties  of  coal  gives 
rise  to  a  great  difference  in  their  mode  of  burning. 
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The  following  table  exhibits  the  composition  of  representative  speci- 
mens of  the  throe  principal  varieties  : — 


Composition  of  Coal. 

Lignite.  '^"colr"'  Anthracite. 

Carbon,    ....       66-32  78-57  90-39 

Hydrogen,       ...        5-63  5-29  3-28 

Nitrogen,        .       .       .        0-56  1-84  0-83 

Oxygen,  ....       22-86  12-88  2-98 

Sulphur,  ....        2-36  0-39  0-91 

Ash,*       ....        2-27  1-03  1-61 


100-00  100-00  100-00 


The  lignites  furnish  a  much  larger  quantity  of  gas  under  the  action  of 
heat,  and  therefore  biu-n  with  more  flame  than  the  other  varieties, 
leaving  a  coke  which  retains  the  form  of  the  original  coal ;  while  bitumi- 
nous coal  softens  and  cakes  together, — a  useful  property,  since  it  allows 
even  the  dust  of  such  coal  to  be  burnt,  if  the  fire  be  judiciously  managed. 
Anthracite  (stone  coal  or  Welsh  coal)  is  much  less  easily  combustible  than 
either  of  the  others,  and  since  it  yields  but  little  gas  when  heated,  it  usually 
burns  with  little  flame  or  smoke.  This  variety  of  coal  is  so  compact  that  it 
will  not  usually  burn  in  ordinary  grates,  but  is  much  employed  for  furnaces. 

53.  Carbon  is  capable  of  combining  with  oxygen  in  two  proportions, 
forming  the  compounds  known  as  carhonic  oxide  and  carbonic  acid,  the 
composition  of  which  is  shown  in  the  following  table ; — 


Oxides  of  Garion. 


Parts  by 

weight. 

c 

0 

Carbonic  oxide,  . 

CO, 

6 

8 

Carbonic  acid. 

•  CO,, 

6 

16 

Carbonic  Acid. 

54.  It  has  been  already  mentioned  that  carbonic  acid  is  a  component  of 
the  atmosphere,  which  usually  contaias  about  four  volumes  of  carbonic  acid 
in  10,000  volumes  of  air.  This  carbonic  acid  is  cliiefly  formed  by  the  opera- 
tion of  the  atmospheric  oxygen  in  supporting  combustion  and  respiration. 

AU  substances  used  as  fuel  contain  a  large  proportion  of  carbon,  which, 
in  the  act  of  combustion,  combines  with  the  oxygen,  and  escapes  into  the 
atmosphere  in  the  form  of  carbonic  acid. 

In  the  process  of  respiration,  the  carbonic  acid  is  formed  from  the 
carbon  contained  in  the  different  portions  of  the  animal  frame  to  which 
oxygen  is  conveyed  by  the  blood,  having  been  taken  up  by  the  latter  in 
passing  through  the  lungs,  where  it  gives  out,  in  exchange  for  the  oxygen, 
a  quantity  of  carbonic  acid  produced  by  the  union  of  a  former  supply  of 
oxygen  with  the  carbon  of  the  different  organs  to  which  the  blood  is 
supplied,  and  which,  as  they  are  constantly  corroded  and  destroyed  by  this 
oxidising  action  of  the  blood,  are  repaired  by  the  supply  of  food  taken 
into  the  body.  This  conversion  of  the  carbon  of  the  organs  into  carbonic 
acid  wiU  be  again  referred  to ;  it  will  be  at  once  evident  that  it  must  be 
concerned  in  the  maintenance  of  the  animal  heat. 

*  The  ash  of  coal  consists  chiefly  of  silica,  alumina,  and  peroxide  of  iron. 
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The  leaves  of  plants,  under  the  influence  of  light,  have  the  power  of 
decomposing  the  carhonic  acid  of  the  atmosphere,  the  carbon  of  which  is 
appUed  to  the  production  of  vegetable  compounds  forming  portions  of  the 
organism  of  the  plant,  and  when  this  dies,  the  carbon  is  restored,  after 
a  lapse  of  time  more  or  less  considerable,  to  the  atmosphere,  in  the  same 
form,  namely,  that  of  carbonic  acid,  in  which  it  originally  existed  there. 
If  the  plant  shoidd  have  been  consumed  as  food  by  animals,  its  carbon 
will  have  been  eventually  converted  into  carbonic  acid  by  respiration; 
the  use  of  the  plant  as  fuel,  either  soon  after  its  death  (Avood),  or  after 
the  lapse  of  time  has  converted  it  into  coal,  will  also  consign  its  carbon 
to  the  air  in  the  form  of  carbonic  acid.  Even  if  the  plant  be  left  to  decay, 
this  process  involves  a  slow  conversion  of  its  carbon  into  carbonic  acid 
by  the  oxygen  of  the  air.* 

Putrefaction  and  fermentation  are  also  very  important  processes  con- 
cerned in  restoring  to  the  air,  in  the  form  of  carbonic  acid,  the  carbon 
contained  in  dead  vegetable  and  animal  matter.  Although,  in  a  popular 
sense,  these  two  processes  are  distinct,  yet  their  chemical  operation  is  of 
the  same  kind,  consisting  in  the  resolution  of  a  complex  substance  into 
simpler  forms,  produced  by  contact  with  some  other  substance  in  a  state  of 
chemical  change.  The  discussion  of  the  true  nature  of  the  process  (which 
is  even  now  somewhat  obscure)  would  be  premature  at  this  stage,  and  it 
will  suffice  for  the  present  to  state  that  carbonic  acid  is  one  of  the  simpler 
forms  into  which  the  carbon  is  converted  by  the  metamorphosis  which 
ensues  so  quickly  upon  the  death  of  animals  and  vegetables. 


The  production  of  carbonic  acid  in  combustion,  respiration,  and  fermentation  may 
be  very  easily  proved  by  experiment.    If  a  di-y  bottle  be  placed  over  a  burning  wax 

taper  standing  on  the  table,  the  sides  of  the  bottle  ■will 
be  covered  with  dew  fromi  the  combustion  of  the  hydrogen 
in  the  wax  ;  and  if  a  little  clear  lime-water  be  shaken  in 
the  bottle,  the  milky  deposit  of  carbonate  of  lime  will 
indicate  the  formation  of  carbonic  acid. 

By  arranging  two  bottles,  as  represented  in  fig.  56,  and 
inspiring  through  the  tube  A,  air  will  bubble  through  the 
lime-water  in  B,  before  entering  the  lungs,  and  will  then 
be  found  to  contain  too  little  carbonic  acid  to  produce  a 
milkiness,  but  on  expiring  the  air  it  will  bubble  through 
0,  and  will  render  the  lime-water  in  this  bottle  very  dis- 
tinctly turbid. 

If  a  little  sugar  be  dissolved  in  eight  or  ten  times  its 
weight  of  warm  (not  hot)  water,  in  the  flask  A  (fig.  57), 
and  a  little  dried  yeast  previously  rubbed  down  with  water 
added,  fermentation  will  commence  in  the  course  of  an  hour 
or  less,  and  carbonic  acid  may  be  collected  in  the  jar  B. 

55.  In  the  mineral  kingdom,  free  carbonic  acid 
is  pretty  abundant.  The  gas  issues  from  the  earth 
in  some  places  in  considerable  quantity,  as  at  Nauheim,  Avhere  there  is 
said  to  be  a  spring  exhahng  about  1,000,000  lbs.  of  the  gas  annual^. 
Many  spring  waters,  those  of  Seltzer  and  Pyrmont,  for  example,  are  very 
highly  charged  with  the  gas. 


Fig.  56. 


*  In  tho  dark,  according  to  Boussingault,  plants  evolve  carbonic  acid.  He  found  that 
a  square  metre  (39-37  sq.  inches)  of  oleaudcr  leaves  decomposed,  in  sunlight,  on  an 
average,  1 -108  litre  (67 '6  cubic  inches)  of  carbonic  acid  every  hour;  whilst  the  same  extent 
of  leaf,  in  the  darlc,  emitted  0-07  litre  (4-27  cubic  inches)  of  cai-bonic  acid  in  the  hour. 
Even  imder  the  inilucnco  of  light,  flowers  have  been  found  to  absorb  oxygen  and  evolve 
carbonic  acid. 


PKEPARATION  OF  CARBONIC  ACID. 
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But  it  occurs  in  far  larger  quantity  in  a  state  of  combination  witli  lime, 
forming  the  immense  deposits  of  limestone,  iharhle,  and  chalk,  which 
compose  so  large  a  portion 
of  the  crust  of  the  globe. 
Carbonate  of  lime  is  also 
met  with  in  the  ani- 
mal kingdom.  Ksh  shells 
and  pearls  contain  about 
two-thirds  of  their  weight 
of  this  substance,  whilst 
egg-shells  contain  as  much 
as  nine-tenths  of  carbonate 
of  lime. 

The  expulsion  of  the 
carbonic  acid  from  lime- 
stone (CaO.COj)  forms 
the  object  of  the  process 
of  lime  burning,  by  which 
the  large  supply  of  lime 
(CaO)  is  obtained  for  build- 
ing and  other  purposes.  But  if  it  be  required  to  obtain  the  carbonic  acid 
without  regard  to  the  lime,  it  is  better  to  decompose  the  carbonate  of 
lime  with  an  acid. 

Preparation  of  carbonic  acid. — The  form  of  the  carbonate  of  lime,  and 
the  nature  of  the  acid  employed,  are  by  no  means  matters  of  indifference. 
If  dilute  sulphuric  acid  be  poured  upon  fragments  of  marble,  the  effer- 
vescence which  occurs  at  first  soon  ceases,  for  the  surface  of  the  marble 
becomes  coated  with  the  nearly  insoluble  sulphate  of  lime,  by  wliich  it  is 
protected  from  the  further  action  of  the  acid — 


Fig.  57. 


CaO.  CO,  +   HO.SO3  =   CaO.SOg   +   HO   -t-'  CO2 

Marble. 


-I-    JtlU  -t- 

Sulpliuric  acid.       Sulphate  of  lime. 

if  the  marble  be  finely  powdered,  or  if  powdered  chalk  be  employed,  each 
'.  particle  of  the  carbonate  of  lime  will  be  acted  upon.  When  lumps  of 
carbonate  of  lime  are  acted  upon  by  hydrochloric  acid,  there  is  no  danger 
that  any  will  escape  the  •  action  of  the  acid,  for  the  cMoride  of  calcium 
produced  is  one  of  the  most  soluble  salts — 


CaO .  CO, 

Marble. 


+    HCl     =     CaCl    +  HO 

Hydrochloric  acid.  Chloride^of 


CO,. 


For  the  ordinary  purposes  of  experiment, 
carbonic  acid  is  most  easily  obtaiaed  by  the 
action  of  diluted  hydrochloric  acid  upon 
small  fragments  of  marble  (fig.  58),  the  lat- 
ter being  covered  with  Avater,  and  hydro- 
chloric acid  poured  in  through  the  funnel- 
tube.  The  gas  may  be  collected  by  down- 
ward displacement. 

56.  Properties  of  carbonic  acid. — Car- 
bonic acid  gas  is  invisible,  like  the  gases 
already  examined,  but  is  distingui-shed  by 
a  peculiar  pungent  odour,  as  is  perceived 

lin  soda-water.    It  is  more  than  half  as  heavy  again  as  atmospheric  air 


Fig.  .58. 


Preparation  of  carbonic 
acid. 
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its  specific  gravity  being  1-529,  wliicli  causes  its  accumulation  near  the 
floor  of  suci  confined  spaces  as  the  Grotto  del  Gane,  where  it  issues  from 
fissures  in  the  rock. 

The  high  specific  gravity  of  carbonic  acid  may  be  shown  by  pouring  it  into  a  light 
jar  attached  to  a  balance,  and  counterpoised  by  a  weight  m  the  opposite  scalo 
(fig.  5',)). 


Fig.  59. 


Anotlier  favourite  illustration  consists  in  floating  a  soap-bubble  on  tlie  surface  of  a 
layer  of  the  gas  generated  in  the  large  jar  (fig.  60),  by  pouring  diluted  sulphuric 
acid  upon  a  few  ounces  of  challc  made  into  a  thin  cream  with  water. 


Fi£f.  GO. 


Pig.  61. 


If  a  small  balloon,  marlo  of  collodion  be  placed  in  tlie  jiir  A  (Hg.  Gl ),  it,  will  a.seeiul 
on  the  admission  of  c-;irlv,nie  acid  thrnu-h  liio  tubo  P.. 
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Tho  power  wJiich  carbonic  acid  possesses  of  extinguishing  liamc  is 
M'vy  important,  and  has  received  practical  ajjplication  in  the  case  of  burn- 
ing mines  wliich  must  otherwise  have 
been  flooded  with  water.*    Many  at- 

■  tempts  have  also  been  made  from  time 
:  to  time  to  employ  this  gas  for  subdu- 

iag  ordinary  conflagrations,  but  their 

■  success  has  hitherto  been  very  partial. 
;  It  will  be  remembered  that  piu-e  nitro- 
.  gen  is  also  capable  of  extinguishing 

the  flame  of  a  taper,  but  a  large  pro- 
portion of  tills  gas  may  be  present  in 
air  without  affecting  the  flame,  whereas 
a  taper  is  extinguished  in  air  contain- 
iag  one-eighth  of  its  volume  of  car- 
bonic acid,  and  is  sensibly  diminished 
in  brilliancy  by  a  much  smaller  pro- 
portion of  the  gas. 

The  power  of  extinguishing  flame,  con-  „^ 
joined  with  the  high  density  of  carbonic 
acid,  admit  of  some  very  interesting  illus- 
trations. 

Carbonic  acid  may  be  poured  from  some  distance  upon  a  candle,  and  will  extin- 
guish it  at  once. 

A  large  torch  of  blazing  tow  may  be  plunged  beneath  the  surface  of  the  carbonic 
acid  m  the  jar,  fig.  60. 

Carbonic  acid  may  be  raised  in  a  glass  bucket  (fig. 
poured  into  another  jar  the  air  in  which  has  been  ° 
previously  tested  with  a  taper. 

A  wire  stand  with  several  tapers  fixed  at  different 
levels  may  be  placed  in  the  jar  A,  fig.  63,  and  car- 
bonic acid  gradually  admitted  through  a  flexible 
tube  connected  with  the  neck  of  the  jar,  from  the 
cistern  B,  a  hole  in  the  cover  of  which  allows  air 
to  enter  it  as  the  gas  flows  out ;  the  flame  of  each 
taper  will  gradually  expire  as  the  surface  of  the  car- 
bonic acid  rises  in  the  jar. 

A  jar  of  oxygen  may  be  placed  over  a  jar  of  car- 
bonic acid,  as  shown  in  fig.  15,  and  a  taper  let  down 
tJirough_  the  oxygen,  in  which  it  will  burn  bril- 
liantly, into  the  carbonic  acid,  which  extinguishes 
It,  and  If  it  be  qxiiddy  raised  again  into  the  oxygen, 
It  will  rekindle  with  a  slight  detonation.  This  al- 
ternate extinction  and  rekindling  may  be  repeated 
.several  times.  ^      j         t-  _ 


Fiff.  62. 


62)  from  a  large  jar,  and 


On  account  of  this  extinguishing  power  of 
carbonic  acid,  a  taper  cannot  continue  to  burn 
m  a  confined  portion  of  air  until  it  has  ex 


Fig.  63. 


hausted  the  oxygen,  but  only  until  its  combustion  has  produced  a  suffi- 
cient quantity  of  carbonic  acid  to  extinguish  the  flame. 

To  demonstrate  this,  advantage  may  be  taken  of  the  circumstance  that  nhn, 

stand  A  (fig.  64)  a  small  piece  of  phosphorus  is  placed,  and  a  taper  is  attached 

*  All  ga.ses  which  take  no  part  in  coinI)u.st.ion  may  extinmiiqh  • 
presence  of  air,  by  absorbing  l.eat  and  reducing  thrLiSXS  bt  th"  buniif.g! 


Fig  6i. 


(33  .  EFFECT  OF  CARBONIC  ACID  ON  ANIMALS. 

to  the  stand  by  a  wire.  The  cork  B  fits  air-tiglit  into  the  jar  and  carries  a  piece 
of  copper  we  bent  so  that  it  may  be  heated  by  the  lame  of  the  taper.  A  little 
■     '^^  ^^ter  is  poured  into  the  plate  to  prevent  the  entrance 

of  any  fresh  air.  If  the  taper  be  kindled,  and  the  jar 
placed  over  it,  the  flame  will  soon  die  out,  and  on  mov- 
ing the  jar  so  that  the  hot  wire  may  touch  the  phos- 
phorus, its  combustion  will  show  that  a  considerable 
amount  of  oxygen  still  remains. 

In  the  same  manner,  an  animal  can  breathe  a 
confined  portion  of  an-  only  until  he  has  charged 
it  with  so  much  carbonic  acid  that  the  hiu'tful 
effect  of  this  gas  begins  to  be  felt,  a  considerable 
•luantity  of  oxygen  stiU  remaining. 

If  the  air  contained  in  the  jar  A  (fig.  65)  standing  over  water  be  breathed  two 
or  three  times  through  the  tube  B,  a  painful  sense  of  oppression  will  soon  be  felt  m 
01  tnree  iimtjb         s  consequence  of  the  accumulation  of  car- 

bonic acid.  By  immersing  a  deflagrating 
spoon  C,  containing  a  piece  of  burning  phos- 
phorus, and  having  a  lighted  taper  attached, 
it  may  be  shown  that  although  there 
is  enough  carbonic  acid  to  extinguish  the 
taper,  the  oxygen  is  not  exhausted,  for  the 
phosphorus  continues  to  burn  rapidly. 

Carbonic  acid  is  not  poisonous  when 
taken  into  the  stomach,  but  acts  most 
injuriously  when  breathed,  by  offering 
an  obstacle  to  that  escape  of  carbonic 
acid,  by  diffusion,  from  the  blood  of 
the  venous  circulation  in  the  lungs, 
and  its  consequent  replacement  by  the 
oxygen  necessary  to  arterial  blood. 
Any  hindrance  to  this  interchange 
must  impede  respiration,  and  such 
hindrance  would,  of  course,  be  afforded 
by  carbonic  acid  present  in  the  au- 

4.-     +^      r,,iantitv     The  difference  in  constitution  and 
inhaled,  m  proportion  to  its  quantity.    J-ue  auieiB  general 
temperament  iii  individuals,  makes  it  impossible  that 
rale  should  be  laid  down  as  to  the  precise  quantity  of  caibonic  acia 
wtch  present  in  au^  without  injury  to  f  spn-ation,  but  it  may  b 

safely  ass  JtedJhat  it  is  not  "  to  b.^^^^^ 
ui  air  contammg  more  than  joVot'^  (U  l  pei  ceni,.;  u 

^"There'appears  to  be  no  immediate  danger,  however,  until  the  carbonic 
acifanroiinls  to\.,th  (0-5  per  cent.)  when  -st  persons  axe  attacked  by 
the  languor  and  headache  attendmg  the  action  of  f'lS^.  .       -,  ^ 
portion  of  carbonic  acid  produces  insensibility,  and  an-  contammg  ^  jtli  oi 
Fts  vo  W  of  carbonic  aciS  causes  suffocation.    The  ^-g-  -  e^^^^^^^^^ 
weUs,  ceUars,  and  other  confined  placcs,  is  due  to  ccumi^^^^^^^^^^ 


Fig.  65. 


There  annears  to  be  no  immediate  aanger,  uowevex,  ^^v..  ^"7" 
laere  appeals  lo  persons  aie  attacked  by 

acid  amounts  to  ^^otli  ,f  4is  ^^s.    A  larger  pro- 

_        iiiniug  -iVth  of 

SToW  o7c;;W  add  causes  suffocation.    The  da^Jg^^^^- ^^^^^^^^^ 
weUs,  ceUars,  and  other  confined  places,  is  due  to  the  ^ccumid^^^^^^^^^ 
this  gas,  either  exlialed  from  the  earth  or  produced      ^ecay  of  or^am 
matter.    The  ordinary  test  applied  to  such  confined  air  by  "^t  jd^^^^^^^^^^^ 
candle  is  only  to  be  depended  upon  if  the  candle  burns  as  ^"gl^tly  n  he  I 
confined  space  as  in  the  external  air ;  should  the  flame  become  at      dmi,  f 
it  would  be  unsafe  to  enter,  for  experience  has  shown  that  combust 
may  continue  for  some  time  in  an  atmosphere  dangerously  charged  tmi  ^ 
carbonic  acid. 
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The  accidents  from  choice  damp  and  after  damp  in  coal  mines,  and 
from  the  accimiulation  in  brewers'  and  distillers'  vats  of  the  carbonic  acid 
residting  from  fermentation,  are  also  examples  of  the  fatal  effect  of  this 
gas. 

The  air  issuing  from  the  lungs  of  a  man  at  each  expiration  contains 
from  3-5  to  4  volumes  of  carbonic  acid  in  100  volumes  of  air,  and  could  not, 
therefore,  be  breathed  again  without  danger.  The  total  amount  of  car- 
bonic acid  evolved  by  the  lungs  and  skin  amounts  to  about  0-7  cubic  foot 
per  hour.  In  order  that  it  may  be  breathed  again  without  inconvenience 
this  should  be  distributed  through  140  cubic  feet  of  fresh  air,  or  a 
space  measuring  5-2  feet  each  way.  Hence  the  necessity  for  a  constant 
supply  of  fresh  air  by  ventilation,  to  dilute  the  carbonic  acid  to  such  an 
extent  that  it. may  cease  to  impede  respiration.  This  becomes  the  more 
necessary  where  an  additional  quantity  of  carbonic  acid  is  supplied  by 
candles  or  gas-lights.  Two  ordinary  gas-burners,  each  consuming  three 
cubic  feet  of  gas  per  hour,  will  produce  as  much  carbonic  acid  as  one  man. 
Fortunately,  a  natural  provision  for  ventilation  exists  in  the  circumstance 
that  the  processes  of  respiration  and  combustion,  which  contaminate  the 
air,  also  raise  its  temperature,  thus  diminishing  its  specifio  gravity  by 
expansion,  and  causing  it  to  ascend 
and  give  place  to  fresh  air.  Hence 
the  vitiated  air  always  accumulates 
near  the  ceiling  of  an  apartment,  and 
it  becomes  necessary  to  afford  it  an 
outlet  by  opening  the  upper  sash  of 
the  window,  since  the  chimney  ven- 
tilates immediately  only  the  lower 
part  of  the  room. 

These  principles  may  be  illustrated  by 
some  very  simple  experiments. 

Two  quart  jars  (fig.  66)  are  filled  with 
carbonic  acid,  and  after  being  tested  with 
a  taper,  a  4  oz.  flask  is  lowered  into  each,  one  flask  containing  cold  and  the  otheT 
hot  water.    After  a  few  minutes,  the  jar  with  the  cold  flask  will  still  contain  enough 
carbonic  acid  to  extinguish  the  taper,  whilst  the  air  in 
the  other  jar  will  support  combustion  brilliantly. 

A  tall  stoppered  glass  jar  (fig.  67)  is  placed  over  a  stand, 
upon  which  three  lighted  tapers  are  fixed  at  different 
heights.  The  vitiated  air,  rising  to  the  top  of  the  jar, 
will  extinguish  the  uppermost  taper  first,  and  the  others 
in  succession.  By  quickly  removing  the  stopper  and 
raising  the  jar  a  little  before  the  lowest  taper  has  expired, 
the  jar  will  be  ventilated  and  the  taper  revived. 

J^'^  (%•  68),  with  a  glass  chimney  fixed  into 
thB  neck  through  a  cork  or  piece  of  vulcanised  tubing,  is 
placed  over  a  stand  with  two  tapers,  one  of  which  is  near 
the  top  of  the  jar,  and  the  other  beneath  the  aperture 
of  the  chimney;  if  a  crevice  for  the  entrance  of  air  bo  J^t- 
left  between  the  jar  and  tho  table,  the  lower  taper  wiir--^""^? 
continue  to  burn  indefinitely,  whilst  the  upper  one  will 
soon  be  extinguished  by  tho  carbonic  acid  accumulating 
around  it,  ° 

In  ordinary  apartments,  the  incidental  crevices  of  the  doors  and  windows 
are  depended  upon  for  the  entrance  of  fresh  air,  whilst  the  contamirtL 
air  passes  out  by  the  chimney,  but  in  large  buildings  specTaf  Zv^s  on 
must  be  made  for  the  two  air  currents.    In  mines  this  beWs  the  more 


Fig.  66. 


70 


PEINCIPLES  OF  VENTILATION. 


Fig.  68. 


necessary,  since  tlie  air  receives  much  additional  contamination  by  the 
gases  (marsh-gas  and  carhonic  acid)  evolved  from  the  workings,  and  by 
the  smoke  occasioned  in  blasting  with  gunpowder. 
Mines  are  generally  provided  witli  two  shafts  for 
ventilation,  under  one  of  which  (the  upcast  shaft) 
a  fire  is  maintained  to  produce  the  upward  cuiTent, 
which  carries  off  the  foul  air,  whilst  the  fresh  air 
descends  by  the  other  {downcast  shaft).  The  cur- 
rent of  fresh  ah  is  forced  by  wooden  partitions  to 
divide  itself,  and  pass  through  every  portion  of  the 
workings. 

The  operation  of  such  provisions  for  ventilation  is  easily 
exhibited. 

A  tall  jar  (fig.  69)  is  fitted  with  a  ring  of  cork,  carrying 
a  wide  glass  chimney  (A).  If  this  be  placed  over  a  taper 
standing  in  a  plate  of  water,  the  accumulation  of  vitiated 
air  will  soon  extinguish  the  taper  ;  but  if  a  second  chimney 
(B),  supported  in  a  wire  ring,  be  placed  within  the  wide  chimney,  fresh  air  will 
enter  through  the  interval  between  the  two,  and  the  smoke  from  a  piece  of  brown 
paper  will  demonstrate  tlie  existence  of  the  two  currents,  as  shown  by  the  arrows. 

A  small  box  (fig.  70)  is  provided  with  a  glass  chimney 
at  each  end.  In  one  of  these  (B),  representing  the  upcast 
shaft,  a  lighted  taper  is  suspended.  A  piece  of  smoking 
brown  paper  may  be  held  in  each  chimney  to  show  the 
direction  of  the  current.  On  closing  A  with  a  glass 
plate,  the  taper  in  B  will  be  extinguished,  the  entrance 
of  fresh  air  being  prevented.  By  breathing  gently  into 
A  the  taper  will  also  be  extinguished.  The  experiment 
may  be  varied  by  pouring  carbonic  acid  and  oxygen 
alternately  into  A,  when  the  taper  will  be  extinguished 
and  rekindled  by  turns. 

A  pint  bell-jar  (fig.  71)  is  placed  over  a  taper  standing 
in  a  tray  of  water.  If  a  chimney  (a  common  lamp-glass) 
be  placed  on  the  top  of  the  jar,  the  flame  of  the  taper 
will  gradually  die  out,  because  no  provision  exists  for 
the  establishment  of  the  two  currents,  but  on_  dropping 
a  piece  of  tin-plate  or  card-board  into  the  chimney,  so 
as  to  divide  ij;,  the  taper  will  be  revived,  and  the  smoke 
from  the  brown  paper  will  distinguish  the  upcast  from  the 
Fig.  69.  downcast  shaft. 

If  a  little  water  be  poured  into  a  wide-mouthed  bottle  of  carbonic 
acid,  and  the  bottle  be  then  firmly  closed  by  the  pahn  of  the  hand,  it 

wlU  be  found,  on  shaking  the  bottle 
violently,  that  the  carbonic  acid  is 
absorbed,  and  the  palm  of  the  hand 
is  sucked  into  the  bottle.  The  pre- 
sence of  carbonic  acid  in  the  solution 
may  be  proved  by  pouring  it  into 
lime-water,  in  which  it  will  produce  a 
precipitate  of  carbonate  of  lime,  re- 
dissolved  by  a  further  addition  of  the 
solution  of  carbonic  acid. 

One  pint  of  water  shaken  in  a  vessel 
containing  carbonic  acid  gas,  at  the 
ordinary  pressure  of  the  atmosphere,  vill  dissolve  about  one  pint  of  the 
gas,  equal  in  weight  to  nearly  16  grains.  If  the  carbonic  acid  be  confined 
in  the  vessel  under  a  pressure  equal  to  twice  or  tlirice  that  of  the  atmo- 
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sphere — that  is,  if  twice  or  thrice  the  quantity  of  carbonic  acid  be  com- 
pressed into  the  same  space,  the  water  will  still  dissolve  one  pint  of  the 
gas,  but  the  weight  of  this  pint  will  now  be  twice 
or  thrice  that  of  the  pint  of  uncompressed  gas,  so 
tliat  the  water  will  have  dissolved  32  or  48  grains  of 
the  gas,  accordingly  as  the  pressure  had  been  doubled 
or  trebled.  As  soon,  however,  as  the  pressure  is 
removed,  the  compressed  carbonic  acid  will  resume 
its  former  state,  with  the  exception  of  that  portion 
which  the  water  is  capable  of  retaining  in  solution 
under  the  ordinary  pressure  of  the  atmosphere. 
Thus,  if  the  water  had  been  charged  with  carbonic 
acid  imder  a  pressure  equal  to  thrice  that  of  the 
atmosphere,  and  had  therefore  absorbed  48  grains 
of  the  gas,  it  would  only  retain  1 6  grains  when  the 
pressm-e  was  taken  off,  allowing  32  grains  to  escape 
in  minute  bubbles,  producing  the  appearance  known 
as  effervescence.  This  affords  an  explanation  of  the 
properties  of  soda-water,  which  is  prepared  by  charging  water  with 
carbonic  acid  gas  under  considerable  pressure,  and  rapidly  confining  it 
in  strong  bottles.  As  soon  as  the  resistance  offered  by  the  cork  to  the 
expansion  of  the  gas  is  removed,  the  excess  of  the  carbonic  acid,  above 
that  which  it  can  hold  iir  solution  at  the  ordinary  pressure  of  the  air, 
escapes  with  effervescence.  In  a  similar  manner,  the  waters  of  certain 
springs  become  charged  with  carbonic  acid,  imder  high  pressure,  beneath 
the  surface  of  the  earth,  and  when,  upon  their  rising  to  the  surface,  tliis 
pressure  is  removed,  the  excess  of  carbonic  acid  escapes  with  effervescence, 
giving  rise  to  the  sparkling  appearance  and  sharp  flavour  which  renders 
spring  Avater  so  agreeable.  On  the  other  hand,  the  waters  of  lakes  and 
rivers  are  usually  flat  and  insipid,  because  they  hold  in  solution  so  small 
a  quantity  of  uncombined  carbonic  acid. 

The  sparkling  character  of  champagne,  bottled  beer,  &c.,  is  due  to  the 
presence  in  these  liquids  of  a  quantity  of  carbonic  acid  which  has  been 
generated  by  fermentation,  subsequent  to  bottling,  and  has  therefore  been 
retained  in  the  liquid  under  pressure.  In  the  case  of  Seidlitz  powders 
and  soda-water  powders,  the  efi'ervescence  caused  by  dissolving  them 
in  water  is  due  to  the  disengagement  of  carbonic  acid,  caused  by 
the  action  of  the  tartaric  acid,  which  composes  one  of  the  powders, 
upon  the  bicarbonate  of  soda,  producing  tai-trate  of  soda  and  carbonic 
acid  gas.  In  the  dry  state  these  powders  may  be  mixed  without  any 
chemical  change,  but  the  addition  of  water  immediately  causes  the  efler- 
vescence. 

The  solubility  of  carbonic  acid  in  water  is  of  great  importance  in  the 
chemistry  of  nature;  for  tliis  acid,  brought  down  from  the  atmosphere 
dissolved  in  rain,  is  able  to  act  chemicaUy  upon  rocks,  such  as  granite, 
which  contain  alkalies — the  carbonic  acid  combining  with  these,  and  thus 
.slowly  disintegrating  or  crumbling  down  the  rock,  an  eilcct  mucli  assisted 
by  tlio  mechanical  action  of  the  expansion  of  freezing  water  in  the  inter- 
stices of  the  rock.  It  appears  that  soils  are  thus  formed  by  the  slow 
degradation  of  rocks,  and  when  these  soils  arc  capable  of  supporting 
plants,  the  solution  of  carbonic  acid  is  again  of  service,  not  only  as  a 
direct  food,  by  providing  the  plant  with  carbon  through  its  roots  but  as 
a  solvent  for  certain  portions  of  tlie  mineral  food  of  the  plant  (such  as 
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phosphate  of  lime),  whicli  pure  water  could  not  dissolve,  and  which  the 
plant  cannot  take  up  except  in  the  dissolved  state. 

57.  Although  carbonic  acid  retains  its  state  of  gas  under  all  tempera- 
tures and  pressures  to  which  it  is  commonly  exposed,  it  is  capable  of 
assuming  the  liquid  and  even  the  solid  state. 

Wlien  exposed  to  a  pressure  of  38'5  atmospheres  (577-5  lbs.  upon  the 
square  inch)  at  32°  F.,  carbonic  acid  condenses  to  a  colourless  liquid  of 
sp.  gr.  0-83  (water  =  1),  and  at  a  temperature  of  —70°  F.  (70°  below  the 
zero,  or  102°  below  the  freezing  point,  F.),  becomes  a  transparent  mass  of 
solid  carbonic  acid  resembling  ice. 

A  small  specimen  of  liquid  carbonic  acid  is  easily  prepared.  A  strong  tube  of 
green  glass  (A,  fig.  72)  is  selected,  about  12  inches  long,  y^g.  inch  diameter  in  the 

bore,  and     inch  thick  in  the 
^  walls.    With  the  aid  of  the 

([     ""H  blowpipe  flame  this  tube  is 

softened  and  drawn  off  at 
about  an  inch  from  one  end, 
as  at  B,  which  is  thus  closed 
(C).  This  operation  should 
be  performed  slowly,  in  order 
that  the  closed  end  may  not 
be  much  thinner  than  the 
walls  of  the  tube.  When  the 
tube  has  cooled,  between  30 
and  40  grs.  of  powdered  bi- 
carbonate of  ammonia  (ordi- 
nary sesquicarbonate  which 
has  crumbled  down)  are 
tightly  rammed  into  it  with 
a  glass  rod.  This  part  of  the 
tube  is  then  surrounded  with 
a  few  folds  of  wet  blotting- 
paper  to  keep  it  cool,  and  the 
tube  is  bent,  just  beyond  the 
carbonate  of  ammonia,  to  a 
somewhat  obtuse  angle  (D). 
The  tube  is  then  softened  at 
about  an  inch  from  the  open 
end,  and  drawn  out  to  a  narrow  neck  (E),  through  which  a  measured  drachm  of  oil 
of  vitriol  is  poured  down  a  funnel-tube,  so  as  not  to  soil  the  neck,  which  is  then 
carefully  drawn  out  and  sealed  by  the  blowpipe  flame,  as  at  F.  The  empty  space 
in  the  tube  should  not  exceed  ^  cubic  inch. 

When  the  tube  is  thoroughly  cold,  it  is  suspended  by  strings  in  such  a  position 
that  the  operator,  having  retired  behind  a  screen  at  some  distance,  may  reverse  the 
tube,  allowing  the  acid  to  flow  into  the  limb  containing  the  carbonate  of  ammonia ; 
or  the  tube  may  be  fixed  in  a  box  which  is  shut  up,  and  reversed  so  as  to  bring  the 
tube  into  the  required  position. 

If  the  tube  be  strong  enough  to  resist  the  pressure,  it  wiU  be  found,  after  a  few 
hours,  that  a  layer  of  liquid  carbonic  acid  has  been  formed  upon  the  surface  of  the 
solution  of  sulphate  of  ammonia.  By  cooling  the  empty  limb  in  a  mixture  of 
pounded  ice  and  salt,  or  of  hydrochloric  acid  and  sulphate  of  soda,  the  liquid  acid 
can  be  made  to  distil  itself  over  into  this  limb,  leaving  the  sulphate  of  ammonia  in 
the  other. 

On  a  larger  scale  the  gas  is  liquefied  in  iron  vessels.  The  liquid  carbonic  acid 
IS  employed  for  illustrating  the  laws  of  heat.    When  a  jet  of  the  liquid  is  allowed 

escape  into  the  air,  the  evaporation  of  one  portion  alDsorbs  enough  heat  to  soli- 
aily  tlie  remainder,  which  becomes  a  snow-like  mass,  evaporating  rapidly  when 
exposed  to  air,  with  production  of  intense  cold.  A  mixture  of  the  solid  carbonic 
acia  with  ether  forms  one  of  the  most  powerful  frigorific  mixtiires,  and  has  rendered 
great  service  ni  the  liquefaction  and  solidification  of  gases. 

58.  Carbonic  acid  may  be  separated  froni  most  other  gases  by  the 
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action  of  hydrate  of  potasli,  which  absorbs  it,  forming  carbonate  of  potash. 
The  proportion  of  carbonic  acid  is  inferred  either  from  the  diminution  in 
vohime  suffered  by  the  gas  when  treated  with  potash,  or  from  the  increase 
of  weight  of  the  latter. 

In  the  former  case  the  gas  is  carefully  measured  over  mercury  (flg.  73).  with  due 
attention  to  temperature  and  barometric  pressure,  and  a  little  concentrated  solution 
of  potash  is  thrown  up  through  a  curved 
pipetU  or  syringe,  introduced  into  the 
orifice  of  the  tube  beneath  the  surface  of 
the  mercury.  The  tube  is  gently  shaken 
for  a  few  seconds  to  promote  the  absorp- 
tion of  the  gas,  and,  after  a  few  minutes' 
rest,  the  diminution  of  volume  is  read 
off.  Instead  of  solution  of  potash,  damp 
hydrate  of  potash  in  the  solid  state  is 
sometimes  introduced,  in  the  form  of 
small  sticks  or  balls  attached  to  a  wire. 
To  determine  the  weight  of  carbonic 
acid  in  a  gaseous  mixture,  the  latter  is 
passed  through  a  bulb-apparatus  (C,  fig. 
74),  containing  a  strong  solution  of  po- 
tash, and  weighed  before  and  after  the 
passage  of  the  gas.  When  the  propor- 
tion of  carbonic  acid  in  the  gas  is  small, 
it  is  usual  to  attach  to  the  bulb-appara- 
tus a  little  tube,  containing  solid  hydrate 
of  potash,  or  chloride  of  calcium,  or 
pumice-stone  moistened  with  sulphuric 
acid,  for  the  purpose  of  retaining  any 
vapour  of  water  which  the  large  volume  of  unabsorbed  gas  might  carry  away  in 
passing  through  the  solution  of  potash. 

59.  Ultimate  organic  analysia.—lt  is  necessary  fo  determine  in  this 
manner  the  weight  of  carbonic  acid,  in  order  to  ascertain  the  proportion  of 
carbon  present  in  organic  substances.  For  this  purpose,  an  accurately 
weighed  quantity  (usually  from  seven  to  ten  grains)  of  the  organic  substance 
IS  very  carefuUy  mixed  with  some  compound  from  which  it  can  obtain 
oxygen  at  a  high  temperature,  such  as  oxide  of  copper  (CuO)  or  chromate 
ot  lead  (PbO .  CrO,,),  care  being  taken  to  employ  a  large  excess  of  the 
oxicUsmg  agent.  The  mixture  is  introduced  into  a  coinhiistion-tube  of 
J^erman  glass  (which  is  free  from  lead  and  noted  for  its  infusibiHty)  of  the 
torm  shown  m  A,  fig.  74.    This  tube  is  provided  with  a  small  tube  B, 


Fig.  73. 


Fig.  71.— A])p!irntus  for  organic  analy.sis. 

containing  chloride  of  calcium,  wliicli  is  connected  by  a  tube  of  caoutciliouc 
with  the  potash-buU).s  (J.    On  gradually  licating  the  tube  iil  a  charcoal 


74 


CALCULATION  OF  FORMULA. 


furnace,  or  over  a  properly  constructed  gas-burner,  the  hydrogen  and  carbon 
contained  in  the  organic  substance  are  converted,  respectively,  into  water 
and  carbonic  acid,  by  the  oxygen  derived  from  the  chromate  of  lead  or  oxide 
of  copper.  The  water  is  absorbed  by  the  chloride  of  calcium  in  B,  and  the 
iucrease  of  weight  in  this  tube  will  indicate  the  quantity  of  water  formed 
in  the  combustion,  whilst  that  of  the  potash  bulbs  will  show  the  weight 
of  the  carbonic  acid.  When  the  whole  length  of  the  tube  is  red  hot,  and 
no  more  gas  passes  through  the  bulbs,  the  sealed  point  D  of  the  tube  is 
broken  off,  and  air  drawn  through  by  applying  suction  at  E,  in  order  to 
sweep  out  the  last  traces  of  water  and  carbonic  acid  into  the  chloride  of 
calcium  and  potash.  Sometimes  the  organic  substance  is  heated  in  a  little 
platinum  tray,  placed  within  a  glass  tube,  through  which  a  stream  of  pure 
oxygen  is  passed,  the  products  of  combustion  being  afterwards  made  to 
pass  over  red-hot  oxide  of  cojaper,  to  convert  any  carbonic  oxide  into  car- 
bonic acid,  and  collected  for  weighing  as  before. 

When  the  organic  substance  contains  carbon,  hydrogen,  and  oxygen, 
the  weight  of  this  last  is  inferred  by  subtracting  the  weights  of  the  carbon 
and  hydrogen  fi-om  that  of  the  substance.  As  an  example  of  the  ultimate 
analysis  of  an  organic  substance,  the  results  of  an  analysis  of  oxalic  acid 
are  here  given — 

10  grs.  of  oxalic  acid,  dried  at  212°  F.,  gave  9'78  grs.  of  carbonic  acid 
and  2 '00  grs  of  water. 

CO,       C  CO, 
22    :    6    :  :    9-78    :  x 
x  =  2-Q7  grs.  of  carbon  in  10  grs.  of  oxalic  acid. 

HO      H  HO 
9:1::    2-00    :  ij 

y  =0-22  gr.  of  hydrogen  in  10  grs.  of  oxalic  acid. 

It  having  been  ascertained  by  preliminary  experiments  that  oxahc  acid 
contains  only  carbon,  hydrogen,  and  oxygen,  10  (oxaHc  acid)  minus  2-89 
(carbon  and  hydrogen)  =  7"11  grs.  of  oxygen  in  10  grs.  of  oxalic  acid. 

It  appears,  therefore,  that 

10  grs.  of  oxalic  acid  contain 
2*67    „  carbon, 
0-22  hydrogen,  and 

7-11    „  oxygen. 

Empirical  and  rational  formulas.—ln  order  to  deduce  from  these 
numbers  the  chemical  formida  for  oxalic  acid,  that  is,  the  formida  expi-ess- 
ing  the  number  of  combinmg  weights  of  each  element,  it  ■wiU  be  necessary, 
of  course,  to  divide  the  weight  of  each  element  by  the  number  represent- 
ing its  combining  weight  in  the  table  at  p.  2. 

2"67 

Thus  — ^  -  0'44  of  a  combming  weight  of  carbon  ; 

0_22=o-22  „  „  hydrogen; 

7-11 

Tg-  =  0-88  „  „  oxygen. 


CAKBONATES. 


75' 


And  the  formula  of  oxalic  acid  might  be  witten  Cwn-iaO-ss.  But  as 
fi-actions  are  not  admissible  in  such  a  formula,  it  would  be  written 
C^jHooOgg.  This,  however,  is  only  an  empirical  formula  for  oxalic  acid, 
that  is,  a  formula  which  represents  its  composition  only,  without  reference 
to  its  constitution,  i.e.,  to  the  absoh;te  number  of  combining  weights  pre- 
sent, and  to  the  mode  in  which  they  are  grouped  or  arranged  within  the 
compound.  A  formula  professing  to  give  such  information  woidd  be 
termed  a  rational  formula,  and  can  only  be  arrived  at  by  the  careful  study 
of  the  relation  of  the  substance  under  examination  to  others  of  which  the 
combining  weights  are  certainly  Imown.  Thus,  it  is  found  that  one  com- 
bining weight  (47  parts)  of  potash  requires  45  parts  of  dry  oxalic  acid  to 
neutralise  it  and  form  the  oxalate  of  potash.  Hence  it  is  reasonable  to 
regard  45  as  the  combining  weight  of  dry  oxalic  acid.  Since  the  above 
analysis  has  proved  this  quantity  of  oxalic  acid  to  contain  12  (two  com- 
bining weights)  of  carbon,  1  (one  combining  weight)  of  hydrogen,  and  32 
(four  combining  Aveights)  of  oxygen,  the  formula  would  be  written 
C2HO4.  In  determining  whether  this  formula  represents  only  one  group- 
ing of  the  elements,  or  whether  it  contains  two  or  more  groups  in  com- 
bination, the  chemist  is  guided  by  the  results  of  a  more  minute  study 
of  the  decompositions  which  the  compound  undergoes  under  varied  con- 
ditions. 

60.  Salts  formed  by  carbonic  acid. — Although  so  ready  to  combine  with 
the  alkalies  and  alkaline  earths  (as  shown  in  its  absorption  by  solution 
of  potash  and  by  lime-water),  carbonic  acid  must  be  classed  among  the 
weaker  acids.  It  does  not  neutralise  the  alkalies  completely,  and  it  may 
be  displaced  from  its  combinations  with  bases  by  most  other  acids.  Its 
action  upon  the  colom^ing  matter  of  litmus  is  feeble  and  transient.  If  a 
solution  of  carbonic  acid  in  water  be  added  to  blue  infusion  of  litmus,  a 
wine-red  liquid  is  prodiiced,  which  becomes  blue  again  when  boiled,  losing 
its  carbonic  acid;  whilst  litmus  reddened  by  sulphuric,  hydrochloric, 
or  nitric  acid,  acquires  a  brighter  red  colour,  which  is  permanent  on 
boHitig. 

With  each  of  the  alkalies  carbonic  acid  forms  two  well-defined  salts, 
the  carbonate  and  bicarbonate.  Thus,  the  carbonates  of  potash  and  soda 
are  represented  by  the  formulte,  KO .  CO^  and  NaO .  CO^,  whilst  the  bicar- 
bonates  are  KO  .  HO .  200^  and  ISTaO .  HO .  2G0^.  The  existence  of  the 
latter  salts  would  favour  the  belief  in  the  existence  of  a  hydrate  of  carbonic 
acid  (HO .  COj),  when  they  would  become 

KO .  COj ,  HO .  CO2  and  NaO .  CO^ ,  HO .  CO,, 

although  no  such  combination  of  water  with  carbonic  acid  has  yet 
been  obtained  in  the  separate  state.  Perfectly  dry  carbonic  acid  gas 
is  not  absorbed  by  pure  quicklime  (CaO),  but  when  a  little  water  is  added 
combination  at  once  takes  place.  This  supports  the  view  entertained  by 
some  chemists,  that  CO^  is  not  an  acid  until  it  is  associated  with  watci', 
and  they  therefore  speak  of  it  as  carbonic  anJiydnde,  reserving  the  name 
carbonic  acid  for  the  as  yet  undiscovered  compoimd  HO.  CO,  (or 
HCO3). 

The  following  are  some  of  the  principal  carbonates  which  are  found  in 
■  nature  or  employed  in  the  arts  : — 
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Chemical  Name. 


Carbonate  of  pot- 
ash 

Bicarbonate  of 

potash 
Carbonate  of 

soda 
Bicarbonate  of 

soda 

Sesquicarbonate 
of  ammonia 

Carbonate  of 

lime 
Basic  carbonate 

of  magnesia 
Carbonate  of 

iron 

Carbonate  of 
zinc  . 

Basic  carbonata 
of  copper 

Basic  carbonate 
of  lead 

Double  carbon- 
ate of  lime 
and  magnesia 


Common  Name. 


I  Potashes,  pearl-ash 

1 

(  Alkali 

I  Washing  soda 
I  Carbonate  of  soda 

Smelling  salts 

Preston  salts 

Carbonate  of  am- 
monia 
S  Limestone,  chalk 
(  Marble 
f  Magnesia  alba 
\  Magnesia 

I  Spathic  iron  ore 
I  Calamine 
I  Malachite 
White  lead 


lime- 


Equivalent  FoiTOula. 


{Dolomite 
Magnesian 
stone 


KO .  COj 
KO  .  HO .  2CO2 
NaO .  CO2 
NaO  .  HO  .  2C0, 


2NH3.2HO.3CO 


CaO .  CO2 

3(MgO.C02), 
MgO .  HO. 

FeO .  CO2 

ZnO .  CO2 

CuO .  CO2, 
CuO .  HO 
2(PbO .  CO2), 
PbO .  HO 

CaO  .  MgO  .  2CO2 


Atomic  Unitary 
Fonnula. 


£2^0^ 

XH .  60j 

Na^eOg 
NaHeOg 


eaeOs 

}3Mgee3.MgH,e2 

FeGOs 
ZneOj 

jeue.HjO.eueea 
j  2pbee3.Pbe.H2e 

MgGa  2603 


Ql.  Analytical  proof  of  the  composition  of  carhmic  acid.— hmoisiet  appears  to  have 
been  the  first  to  prove  that  carbonic  acid  was  formed  when  carbon  combined  with 
oxygen,  but  its  composition  was  first  analytically  demonstrated  by  Smithson  Ten- 
nantj  who  heated  carbonate  of  lime  with  phosphorus  in  a  sealed  glass  tube  and 
obtained  phosphate  of  lime  and  carbon,  the  latter  having  parted  with  its  oxygen  to 
convert  the  phosphorus  into  phosphoric  acid. 

A  far  easier  method  of  demonstrating  the  composition  of  carbonic  acid  consists  in 
introducing  a  pellet  of  potassium  into  a  bulb  tube,  through  which  a  current  of  car- 
bonic acid  (dried  by  passing  through  oil  of  vitriol,  or  over  chloride  of  calcium)  is 
tiowjng,  and  applying  the  heat  of  a  spirit-lamp  to  the  bulb ;  the  metal  will  soon 
i*!? ^  u^^V^^l       ^^^'^'^  °^      oxygen,  leaving  the  carbon  as  a  black  mass  upon 

the  bulb  (fig.  75).  The  potash  produced  by  the  oxidation  of  the  potassium  enters 
into  combination  with  another  portion  of  the  carbonic  acid,  forming  a  white  mass  of 
carbonate  of  potash,  SCO,  +  K2  =  2(K0 .  CO,)  +  C.  If  slices  of  sodium  be  ar- 
ranged in  a  test-tube  in  alternate  layers  with  dried  chalk  (carbonate  of  lime)  and 
strongly  heated  with  a  spirit-lamp,  vivid  combustion  will  ensue,  and  much  carbon 
will  be  separated  (CaO  .  CO,  4-  Na2  =  CaO  -f  2NaO  +  C). 

62.  Carbonic  oxide.— Other  metals,  however,  wliich  are  not  endowed 
with  so  powerful  an  attraction  for  oxygen,  do  not  carry  the  decomposition 
ot  carbonic  acid  to  its  final  limit ;  thus,  iron  and  zinc*  at  a  high  tempera- 
ture will  only  deprive  the  gas  of  one-half  of  its  oxygen,  a  result  which  may 
also  be  brought  about  at  a  red  heat  by  carbon  itself.  If  an  iron  tube  fiUed 
witn  Iragments  of  charcoal  be  heated  to  redness  in  a  furnace  (fig.  22),  and 
carbonic  acid  gas  be  transmitted  through  it,  it  wiU  be  found,  on  collecting 
me  gas  which  issues  from  the  other  extremity  of  the  tube,  that  it  has  no 

*  Magnesium  also  reduces  carbonic  acid  to  carbonic  oxide. 
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lon^'cr  the  properties  of  carbonic  acid,  but  that,  on  the  approach  of  a  taper, 
it  takes  fire,  and  burns  with  a  beautiful  bhie  lambent  flame,  siniOar  to  that 
which  is  often  observed  to  play  over  the  surface-  of  a  clear  fire.  Both 
flames,  in  fact,  are  due  to  the  same  gas,  and  in  both  cases  this  gas  results 


Fig.  75. 

from  the  same  chemical  change,  for  in  the  tube  the  carbonic  acid  yields 
haK  of  its  oxygen  to  the  charcoal,  both  becoming  converted  nito  carbonic 
oxide  •  CO2  +  C  =  2C0.  In  the  fire,  the  carbonic  acid  is  formed  by  the 
combustion  of  the  carbon  of  the  fuel  in  the  oxygen  of  the  ah-  entering  at 
the  bottom  of  the  grate;  and  this  carbonic  acid,  in  passing  over  the  layer 
of  heated  carbon  in  the  upper  part  of  the  fire,  is  partly  converted  into 
carbonic  oxide,  which  inflames  when  it  meets  with  the  oxygen  m  the  air 
above  the  surface  of  the  fuel,  and  burns  with  its  characteristic  blue  flame, 
reproducing  carbonic  acid.  . 

The  carbonic  oxide  occupies  twice  the  volume  of  the  carbonic  acid  trom 

which  it  was  produced.  .  ■,   •     n       ,  •  . 

This  conversion  of  carbonic  acid  into  carbonic  oxide  is  oi  great  import- 
ance on  account  of  its  extensive  appUcation  in  metallui-gic  operations.  It 
is  often  deshable,  for  instance,  that  a  flame  should  be  made  to  play  over 
the  surface  of  an  ore  placed  on  the  bed  or  hearth  of  a  reverberatory  fur- 
nace (fif'  76).    This  object  is  easily  attained  when  the  coal  afi^ords  a  large 


Fig.  76.— Reverberatory  furnace  for  copper  smelting. 

([uantity  of  inflammable  gas ;  but  with  anthracite  coal,  which  burns  with 
very  little  flame,  and  is  frequently  employed  in  such  furnaces,  it  is  iieces- 
sarv  to  pile  a  high  column  of  coal  upon  the  grate,  so  that  the  carbonic 
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acid  formed  beneatli  may  be  converted  into  carbonic  oxide  in  passing  over 
the  beated  coal  above,  and  when  this  gas  reaches  the  hearth  of  the  fur- 
nace, into  which  air  is  admitted,  it  burns  with  a  ilame  which  spreads  over 
the  surface  of  the  ore. 

The  attraction  of  carbonic  oxide  for  oxygen  is  turned  to  account  in 
removing  that  element  from  combination  with  iron  in  its  ores,  as  wUl  be 
seen  hereafter. 

Carbonic  oxide  is  a  gas  of  so  poisonous  a  character  that,  according  to 
Leblanc,  one  volume  of  it  diffused  through  100  volumes  of  air  totally 
imfits  it  to  sustain  life ;  and  it  appears  that  the  lamentable  accidents 
which  too  frequently  occur  from  burning  charcoal  or  coke  in  braziers  and 
chafing-dishes  in  close  rooms,  result  from  the  poisonous  effects  of  the  smaU 
(Quantity  of  carbonic  oxide  which  is  produced  and  escapes  combustion, 
.since  the  amount  of  carbonic  acid  thus  diffused  through  the  air  is  not 
sufficient  in  many  cases  to  account  for  the  fatal  result. 

63.  The  knowledge  of  tliis  poisonous  character  of  carbonic  oxide  gave 
rise,  a  few  years  since,  to  considerable  apprehension  when  it  was  proposed 
to  em]3loy  this  gas  in  Paris  for  purposes  of  illumination.  The  character 
of  the  flame  of  carbonic  oxide  would  appear  to  afford  little  promise  of  its 
utility  as  an  illuminating  agent ;  but  that  it  is  possible  so  to  employ  it  is 
easily  demonstrated,  by  kindling  a  jet  of  the  gas  which  has  been  passed 
through  a  wide  tube  containing  a  little  cotton  moistened  with  rectified 
coal  naphtha  (benzole),  when  it  wUl  be  found  to  burn  with  a  very  luminous 
flame.  The  carbonic  oxide  destined  to  be  employed  for  illuminating  pur- 
poses was  prepared  by  passing  steam  over  red-hot  coke  or  charcoal,  Avhen 
a  highly-inflammable  gas  was  obtained,  containing  carbonic  acid,  carbonic 
oxide,  and  hydrogen — 

4H0  +  C3  =         +  2C0  +  H, 

Since  neither  hydrogen  nor  carbonic  oxide  burns  with  a  luminous  flame, 
this  gas  was  next  passed  into  a  vessel  containing  red-hot  coke,  over  which 
melted  resin  was  allowed  to  triclde.  The  action  of  heat  upon  the  resin 
gave  rise  to  the  production  of  vapours  similar  to  that  of  the  benzole  em- 
ployed in  the  above  experiment,  and  which,  in  like  manner,  conferred 
considerable  ULuminating  power  upon  the  gas. 

The  decomposition  of  steam  by  red-hot  carbon  is  also  taken  advantage 
of  in  order  to  procure  a  flame  from  anthracite  coal  when  employed  for 
heating  boilers.  The  coal  being  burnt  on  fish-helUed  bars,  beneath  which 
a  quantity  of  water  is  placed,  the  radiated  heat  converts  the  water  into 
steam,  which  is  carried  by  the  draught  into  the  fire,  where  it  furnishes 
carbonic  oxide  and  hydrogen,  both  capable  of  burning  with  flame  imder 
the  bottom  of  the  boiler.  The  temperature  of  the  bars  is  also  tlius  reduced, 
so  that  they  are  not  so  much  injured  by  the  intense  heat  of  the  glowiny 
fuel. 

64.  Carbonic  oxide,  unlike  carbonic  acid,  is  a  permanent  gas,  and  nearly 
ffq*R7^^^  "1  water.  It  is  even  lighter  than  air,  its  specific  graAdty  being 
0-J67.  In  its  chemical  relations  it  is  an  indifferent  oxide,  that  is,  it  has 
neither  acid  nor  basic  properties. 

J?-*'  "5?'=™ctive  process  for  obtaining  carbonic  o.xide,  consists  in  heating 
nT..l  1  ^"'i  with  throo  times  its  weight  of  oil  of  vitriol.    If  the  gas  be 

collected  over  water  (fig.  77),  and  one  of  thetjars  be  shaken  with  a  little  lime- 
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-atev,  the  milkiuess  imparted  to  the  latter  will  iudicato  abundance  of  car- 

hinic  acid  ;  whilst,  on  removing 
iho  glass  plate,  and  applying  a 
light,  the  carbonic  oxide  will 
burn  with  its  characteristic  blue 
ilanio.  The  gas  thus  obtained 
is  a  mixture  of  equal  volumes 
of  carbonic  oxide  and  carbonic 
iicid  gases.  Crystallised  oxalic 
acid  is  represented  by  the  for- 
iiiula  CjHO^  .  2Aq.,  and  if  the 
water  of  crystallisation  be  left 
out  of  consideration,  its  decom- 
position may  be  represented  by 
the  equation — 

CjHO^  =  HO  +  CO  +  COj, 

the  change  being  determined  by 
the  attraction  of  the  oil  of  vitriol 
for  water.    To  obtain  pure  carbonic  oxide,  the  mixture  of  gases  must  be  passed 
through  a  bottle  containing  solution  of  potash,  to  absorb  the  carbonic  acid  (fig.  78). 

But  pure  carbonic  oxide  is  much  more  easily  obtained  by  the  action  of  four  parts 
of  oil  of  vitriol  upon  one  part  of  crystallised  ferrocyanide  of  potassium  (yellow  prus- 


Fig.  78. — Preparation  of  carbonic  oxide. 


siate  ot  potash)  at  a  moderate  heat,  the  lamp  being  removed  as  soon  as  the  effer- 
vescence begins  to  take  place.  Since  the  gas  contains,  especially  at  the  commence- 
ment, Hmall  incidental  quantities  of  sulphurous  and  carbonic  acids,  it  must  be  passed 
through  solution  of  potash  if  it  be  required  perfectly  pure.  Tlie  chemical  change 
which  occurs  in  this  process  is  expressed  thus  :— 

KjCrN^Fe  +  6H0  +  6(H0 .  SO,)  =  6C0  +  2(K0.S0..,) 

Ferrocyaniae  of  potassium.  Snlplmtc  of  potash. 

-f  3(Nn3  .  HO  .  SO3)  +  FcO  .  SO3 
.Sulphate  of  ammonia.     Sulphate  of  h'on. 

66.  To  demonstrate  the  production  of  carbonic  acid  during  the  combustion  of 
carbonic  oxide,  a  jar  of  the  gas  is  closed  with  a  glass  plato,  and  after  placing  it  upon 
tlic  table,  the  plato  is  slijiped  aside  and  a  little  lime-water  quickly  poured  into  thn 
jar.  On  shaking,  no  milkiness  indicative  of  carbonic  iicid  should  be  perceived. 
The  plato  is  then  removed,  and  the  gas  kindled.  On  replacing  tho  plato  and 
shaking  tlie  jar,  an  abundant  precipitation  of  carbonate  of  lime  will  take  place. 


Fig.  77. 
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"When  carbonic  oxide  is  passed  through  a  red-hot  porcelain  tube,  a  portion  of  it  is 
decomposed  into  carbonic  acid  and  carbon ;  and  when  the  experiment  is  conducted 
without  special  arrangements,  the  carbonic  oxide  is  reproduced  as  the  temperature 
of  the  gas  falls.  But  by  passing  through  the  centre  of  the  porcelain  tube  a  brass 
tube,  through  which  cold  water  is  kept  running,  the  decomposition  has  been  demon- 
strated by  the  deposition  of  carbon  ujion  the  cooled  tube,  and  by  collecting  the  car- 
bonic acid  formed. 

Carbonic  acid  is  also  decomposed  by  intense  heat  into  carbonic  oxide  and  oxygen ; 
but  if  these  gases  be  allowed  to  cool  down  slowly  in  contact,  they  recombine.  The 
gas  drawn  from  the  hottest  region  of  a  blast-furnace  (see  Ieon),  and  rapidly  cooled, 
so  as  to  prevent  recombination,  was  found  to  contain  both  carbonic  oxide  and  oxygen. 

By  passing  a  pellet  of  phosphorus  up  into  carbonic  acid,  over  mercury,  in  a 
eudiometer,  and  passing  electric  sparks  for  some  days,  the  gas  has  been  entirely 
decomposed,  an  equal  volume  of  carbonic  oxide  being  left. 

The  reducing  action  of  carbonic  oxide  upon  metallic  oxides,  at  high  temperatures, 
may  be  illustrated  by  passing  the  pure  gas  from  a  bag  or  gas-holder  (A,  fig.  79),  first 
through  a  iDottle  of  lime-water  (B)  to  prove  the  absence  of  carbonic  acid,  then  over 


Pig.  79. — Kediiction  of  oxide  of  copper  by  carbonic  oxide. 

oxide  of  copper,  contained  in  the  tube  C,  and  afterwards  again  through  lime-water 
in  D.  When  enough  gas  has  been  passed  to  expel  the  air,  heat  may  be  applied  to 
the  tube  by  the  gauze-burner  E,  when  the  formation  of  carbonic  acid  will  be  im- 
mediately shown  by  the  second  portion  of  lime-water,  and  the  black  oxide  of  copper 
will  be  reduced  to  red  metallic  copper. 

If  precipitated  peroxide  of  iron  be  substituted  for  oxide  of  copper,  iron  in  the  state 
of  black  powder  will  be  left,  and  if  allowed  to  cool  in  the  stream  of  gas,  will  take  fire 
when  it  is  shaken  out  into  the  air,  becoming  reconverted  into  the  peroxide  (iron 
pyrophorus). 

67.  Composition  by  volume  of  carbonic  oxide  and  carbonic  acid. — Wheu 
carbon  burns  in  oxygen,  the  volume  of  the  carbonic  acid  produced  is 
exactly  equal  to  that  of  the  oxygen,  so  that  one  volume  of  oxygen  fur- 
nishes one  volume  of  carbonic  acid  gas. 

If  from  the  weight  of  one  volume  (specific  gravity)  of  carbonic  acid 
(1  -529)  there  be  deducted  the  weight  (1  -105)  of  one  volume  of  oxygen,  the 
I'emainder  (-424)  will  represent  the  weight  of  carbon  contained  in  one 
volume  of  carbonic  acid ;  and  if  it  be  assumed  that  this  carbon,  were  it 
possible  to  convert  it  iuto  vapour,  would  occupy  a  volume  equal  to  that  of 
the  oxygen  (one  volume),  the  number  -424  Avould  represent  the  specific 
gravity  of  the  hypothetical  vapour  of  carbon,  and  one  volume  of  carbonic 
acid  would  be  regarded  as  containing  one  volume  of  carbon  vapour,  com- 
bined with  one  volume  of  oxygen. 
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Wlien  one  voliune  of  carbonic  acid  (containing  one  volume  of  oxygen) 
is  passed  over  heated  carbon,  it  yields  two  volumes  of  carbonic  oxide ; 
hence  two  volumes  of  tliis  gas  contaia  one  volume  of  oxygen. 
The  weight  of  one  volume  [sjpecific  gravity)  of  carbonic  oxide 

is  0'967,  and  the  Avoight  of  two  volumes,  therefore,  .  1-934 
Deduct  from  this  the  weight  of  one  volume  of  oxygen,  1-105 

And  the  remainder,  .  -829 
represents  the  weight  of  carbon  contained  in  two  volumes  of  carbonic 
oxide.  It  was  calcidated  above  that  -424  expressed  the  weight  of  one 
volume  of  carbon  vapour, — hence,  allowing  for  errors  in  determining  the 
specific  gravities  of  the  gases,  -829  may  be  taken  to  represent  two  volumes 
of  carbon  vapour,  and  carbonic  oxide  to  contain,  in  two  volumes,  one 
volume  of  oxygen,  combined  with  two  volumes  of  the  imaginary  vapour 
of  carbon. 


This  calculation  is  mucli  simplified  if  hydrogen  be  made  the  unit  of  specific 
gravity,  instead  of  atmospheric  air  :— 

Specific  gravity  (to  H)  of  CO2,  i.e.,  weight  of  one  volume,  .  22 
Specific  gravity  (to  H),  or  weight  of  one  volume,  of  0,     .       .  16 

Weight  of  carbon  in  one  volume  of  CO2,  or  assumed  specific )  g 
gravity  (to  H)  of  carbon  vapour,  \ 

Specific  gravity  (to  H),  or  weight  of  one  volume,  of  CO,  14 

Weight  of  two  volumes  of  CO,  28 

„       one  volume  of  0  16 

Weight  of  carbon  in  two  volumes  of  CO,  or  assumed  I  ^2 
weight  of  two  volumes  of  carbon  vapour,     .       .  J 


68.  Combining  weight  of  carbonic  acid. — It  will  be  remembered  that 
in  the  decomposition  of  water  by  potassium  (p.  23),  39  grs.  of  that  metal 
displaced  1  gr.  of  hydrogen,  combming  with  the  8  grs.  of  oxygen  to  form 
47  grs.  of  potash  (KO),  whence  39  Avas  termed  the  equivalent  (to  one  of 
hydrogen)  or  combining  weight  of  potassium,  and  47  would  represent  the 
combining  weight  of  potash.  These  47  grs.  of  potash  are  found  by  ex- 
periment to  combine  with  22  grs.  of  carbonic  acid,  so  that  the  number  22 
may  be  taken  for  the  combining  weight  of  that  acid.*  Since  it  has  been 
ascertained  that  in  22  parts  of  carbonic  acid  there  are  6  parts  of  carbon, 
united  with  16  of  oxygen,  and  that,  in  carbonic  oxide,  the  6  parts  of 
carbon  are  united  with  8  parts  of  oxygen,  the  number  6  may  be  taken  to 
represent  the  combining  weight  of  carbon,  or  the  weight  equivalent  to 
one  of  hycbogen. 

If  8  parts  by  weight  of  oxygen  be  represented  as  occupying  one  vohame 
(see  p.  36),  then  the  11  parts  of  carbonic  acid  furnished  by  it  would  also 
occupy  one  volume,  and  one  equivalent  (22  parts)  of  carbonic  acid  would 
occupy  two  volumes,  and  would  contain  two  volumes  of  imaginary  carbon 
vapour,  and  two  volumes  of  oxygen. 


*  It  is  true  that  47  grs.  of  potash  may  also  combine  with  44  grs.  of  carbonic  acid  (simul 
taneously,  however,  with  9  grs.  of  water),  but  the  compound  (bicarbonate  of  potash)  thus 
formed  so  easily  loses  one-half  of  its  carbonic  acid,  that  it  is  more  natural  to  regard  it  is 
containing  two  combining  weights  of  the  acid. 

P 
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The  following  table  would  then  represent  the  equivalents  and  composi- 
tion of  carbonic  oxide  and  carbonic  acid  : 


S5 

valent 
ight. 

By  Weight. 

ivalent 
lume. 

By  Volume. 

Fom 

Equi 
We 

C 

0 

d  0 

C 

0 

Carbonic  oxide, 

CO 

14 

6 

8 

2 

2 

1 

Carbonic  acid, 

C02 

22 

6 

16 

2 

2 

2 

69,  The  atomic  toeight  (see  p.  36)  of  carbon  is  generally  assumed  to  be 
12,  though,  in  consequence  of  the  impossibility  of  determining  the  weight 
of  one  volume  of  carbon  vapour  by  experiment,  the  chemist  is  compelled 
to  surrender  himseK  in  this  matter  to  the  guidance  of  analogy  and  purely 
theoretical  considerations. 

The  molecular  formulce  of  carbonic  oxide  and  carbonic  acid  would  then 
become — 


Molecular 
Formula. 

By  Weight. 

"3  e 

"  s 

(.1 

By  Volume. 

1^ 

C 

0 

Mol( 
Vol 

C 

0 

Carbonic  oxide, 

eo 

28 

12 

16 

2 

1 

1 

Carbonic  acid. 

BO, 

44 

12 

32 

2 

1 

2 

Compounds  op  Carbon  and  Hydbogen. 

70.  No  two  elements  are  capable  of  occurring  in  so  many  different 
forms  of  combination  as  carbon  and  hydrogen.  The  hydroearhons,  as 
their  compounds  are  generally  designated,  include  most  of  the  inflammable 
gases  which  are  commonly  met  with,  and  a  great  number  of  the  essential 
oils,  naphthas,  and  other  useful  substances.  There  is  reason  to  beheve 
that  all  these  bodies,  even  such  as  are  found  in  the  mineral  kingdom, 
have  been  originally  derived  from  vegetable  soui-ces,  and  their  history 
belongs,  therefore,  to  the  department  of  organic  chemistry.  Tlie  three 
simplest  examples  of  such  compounds  will,  however,  be  brought  forward 
in  this  place,  to  aiford  a  general  insight  into  the  mutual  relations  of  these 
two  important  elements.    Theii-  names  and  composition  are — 


Parts  by  Weight. 

Equivalent 
Formulce.* 

C 

II 

Acetylene,  . 

C4H2 

24 

2 

Marsh-gas,  . 

CjjHj 

12 

4 

Olefiant  gas, 

24 

4 

The  reasons  why  these  foiuiulse  should  not  he  wi'itteu  respectively  CjH,  CHj,  and 
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71.  AcelyleuG* — Wlien  very  intensely  heated,  carLou  is  capable  of 
combining  with  hydrogen  to  form  acetylene.  The  requisite  heat  is  pro- 
cured by  means  of  a  powerful  galvanic  battery,  to  the  terminal  wires  of 
which  two  pieces  of  dense  carbon  are  attached,  and  the  voltaic  discharge  is 
allowed  to  take  place  between  them  in  an  atmosphere  of  hydrogen.  The 
experiment  possesses  Httle  practical  importance,  because  but  Little  acety- 
lene is  formed  in  proportion  to  the  force  employed,  but  its  theoretical 
interest  is  very  great,  since  it  is  the  first  step  in  the  production  of  organic 
substances  by  the  direct  synthesis  of  mineral  elements ;  acetylene  (C^HJ 
being  convertible  into  olefiant  gas  (C^HJ,  this  last  into  alcohol  (C^HgOj, 
and  alcohol  into  a  very  large  number  of  organic  products. 

Acetylene  is  constantly  found  among  the  products  of  the  incomplete 
combustion  and  destructive  distilla- 
tion of  substances  rich  in  carbon, 
hence  it  is  always  present  in  small 
quantity  in  coal-gas,  and  may  be  pro- 
duced in  abundance  by  passing  the 
vapour  of  ether  through  a  red-hot 
tube.  The  character  by  which  acety- 
lene is  most  easily  recognised  is  that 
of  producing  a  fine  red  precipitate  in 
an  ammoniacal  solution  of  cuprous 
chloride  (subchloride  of  copper). 

The  most  convenient  process  for  pre- 
paring a  quantity  of  this  precipitate,  is 
that  in  which  the  acetylene  is  produced 
by  the  imperfect  combustion  taking  place 
when  a  jet  of  atmospheric  air  is  allowed 
to  burn  in  coal-gas. 

An  adapter  (A,  fig.  80)  is  connected  at 
its  narrow  end  with  the  pipe  supplying 
coal-gas.  The  wider  opening  is  closed  by  a 
bung  with  two  holes,  one  of  which  receives 
a  piece  of  brass  tube  (B)  about  three- 
quarters  of  an  inch  wide  and  seven  Inches 
long,  and  in  the  other  is  inserted  a  glass 
tube  (C)  which  conducts  the  gas  to  the 
bottom  of  a  separating  funnel  (D).  The  Yig.  80.— Preparation  of  cuproixs  acetylide. 
lower  opening  of  the  brass  tube  B  is  closed 

with  a  cork,  through  which  passes  the  glass  tube  E  connected  with  a  gas-holder  or  bag 
containing  atmospheric  air.  To  commence  the  operation,  the  gas  is  turned  on 
through  the  tube  F,  and  when  all  air  is  supposed  to  be  expelled,  the  tube  E  is  with- 
"Irawn  together  with  its  cork,  and  a  liglit  is  applied  to  the  lower  opening  of  the 
brass  tube,  the  supply  of  coal-gas  being  so  regulated  that  it  shall  burn  with  a  small 
flame  at  the  end  of  the  tube.  A  feeble  current  of  air  is  then  allowed  to  issue  from 
the  tube  E,  which  is  passed  up  through  the  flame  into  the  adapter,  where  the  jet 
of  air  continues  to  burn  in  the  coal-gas,  f  and  may  be  kept  burning  for  hours  with 

OH,  which  would,  of  course,  agree  equally  well  with  the  results  of  analysis,  will  appear 
hereafter. 
The  molecular  formula!  would  be— 

Acetylene,  ©JI^  =  2  vols. 

Marsh-gas,  G  Hj  =  2  vols. 

Olefiant  gas,        ©JIj  =  2  vols, 
where  G    -  12. 

*  Long  known  as  klmncne,  having  been  obtained  in  1836  by  the  action  of  water  upon  a 
compound  containing  carbon  and  potassium,  produced  during  the  preparation  of  that 
metal.  The  name  acetylene  is  derived  from  the  hypothetical  radical  acetyle  (C  H  )  to 
which  acetylene  bears  the  same  relation  as  ethylene  (O4H4)  does  to  ethylo  (C  II  )    ^  " 

t  It  is  advisable  to  attach  a  piece  of  thin  platinum  wire  to  the  mouth  of  the  class  tube 
to  render  the  flame  of  the  air  more  visible.  °  ' 
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a  littlo  attention  to  the  proportions  in  which  the  gas  and  air  are  supphed.  A  solu- 
tion of  subchloride  of  copper  in  ammonia  is  poured  into  the  separating  funnel 
through  the  lateral  opening  G,  so  that  the  imperfectly  burnt  gas  may  pass  through 
it  when  the  cuprous  acetylide  is  precipitated  in  abundance.  When  a  sufficient 
quantity  has  been  formed,  or  the  copper  solution  is  exhausted,  the  liquid  is  run  out 
through  the  stop-cock  (H)  on  to  a  filter,  and  replaced  by  a  fresh  portion.  The  pre- 
cipitate may  be  rinsed  into  a  flask  provided  with  a  funnel  tube  and  delivery  tube, 
allowed  to  subside,  the  water  decanted  from  it,  and  some  strong  hydrochloric  acid 
poured  in  through  the  funnel.  On  heating,  the  acetylene  is  evolved,  and  may  be 
collected  either  over  water,  or  more  economically  in  a  small  gas-bag.  To  obtain  a 
pint  of  the  gas,  as  much  of  the  moist  copper  precipitate  is  required  as  will  measure 
about  six  ounces  after  settling  down.  Such  a  quantity  may  be  prepared  in  about 
six  hours. 

A  solution  of  cuprous  chloride  suitable  for  this  experiment  is  conveniently  pre- 
pared in  the  following  manner :  500  grains  of  black  oxide  of  copper  are  dissolved 
in  seven  measured  ounces  of  common  hydrochloric  acid,  in  a  flask,  and  boiled  for 
about  twenty  minutes  with  400  grains  of  copper  in  filings  or  fine  turnings.  The 
brown  solution  of  cuprous  chloride  in  hydrochloric  acid  thus  obtained  is  poured  into 
about  three  pints  of  water  contained  in  a  bottle ;  the  white  precipitate  (cuprous 
chloride)  is  allowed  to  subside,  the  water  drawn  off  with  a  siphon,  and  the  pre- 
cipitate rinsed  into  a  twenty-ounce  bottle,  which  is  then  quite  filled  with  water  and 
closed  with  a  stopper.  When  the  precipitate  has  again  subsided,  the  water  is  drawn 
oif,  and  four  ounces  of  powdered  chloride  of  ammonium  are  introduced,  the  bottle 
being  again  filled  up  with  water,  closed  and  shaken.  The  cuprous  chloride  is  entirely 
dissolved  by  the  chloride  of  ammonium,  but  would  be  reprecipitated  if  more  water 
were  added.  When  required  for  the  precipitation  of  acetylene,  the  solution  may 
be  mixed  with  about  one-tenth  of  its  bulk  of  strong  ammonia  (-880),  which  maybe 
poured  into  the  separating  funnel  (D)  before  the  copper  solution  is  introduced. 
Four  measured  ounces  of  the  solution  are  suflScient  for  one  charge,  and  yield,  in 
three  hours,  about  three  measured  ounces  of  the  moist  precipitate.  The  blue  solu- 
tion of  ammoniacal  cupric  chloride  filtered  from  the  red  precipitate  may  be  ren- 
dered serviceable  again  by  being  shaken,  in  a  stoppered  bottle,  with  precipitated 
copper,  prepared  by  reducing  a  solution  of  sulphate  of  copper,  acidulated  with  hydro- 
chloric acid,  with  a  plate  of  zinc. 

The  red  precipitate  is  said  to  consist  cliiefly  of  tlie  oxide  of  a  compound 
formed  from  acetylene  by  tlie  substitution  of  Cu.^  for  H.  Tkis  compound, 
C^Cu2H,  has  been  named  by  Berthelot  ciqDros-aeetyle,  and  may  be  regarded 
as  the  radical  of  a  series  of  compounds.  If  but  little  free  ammonia  be 
present  in  the  solution  of  cuprous  chloride,  the  precipitate  will  contain 
the  chloride  of  cuprous-acetyle,  (C^Cu^H)  CI,  as  well  as  the  oxide. 

If  the  acetylene  copper  precipitate  be  collected  on  a  filter,  washed,  and 
dried  either  by  mere  exposure  to  the  air,  or  over  oil  of  vitriol,  it  will  be 
found  to  explode  with  some  violence  when  gently  heated,  and  it  is  said 
that  the  accidental  formation  of  this  compound  in  copper  or  brass  pipes, 
through  which  coal-gas  passes,  has  occasionally  given  rise  to  explosions. 

When  acetylene  is  passed  through  solution  of  nitrate  of  silver,  a  white  curdy  pre- 
cipitate is  formed,  resembling  chloride  of  silver  in  appearance,  but  insoluble  in 
ammonia  (which  turns  it  yellow)  as  well  as  in  nitric  acid.  It  may  be  obtained  by 
allowing  the  imperfectly  burnt  gas  from  the  apparatus  in  fig.  80  to  pass  through 
nitrate  of  silver. 

When  this  precipitate  is  washed  and  allowed  to  dry,  it  is  violently  explosive  if 
heated,  though  it  may  be  hammered  without  exploding.  A  minute  fragment  of  it 
placed  on  a^glass  plate,  and  touched  with  a  red-hot  wire,  detonates  loudly  and 
shatters  the  glass  like  fulminate  of  silver.  The  explosive  silver  compound  is  said 
to  contain  the  oxide  of  argent-acetyle  (0^Ag2H)0,  the  chloride  corresponding  to  it, 
(O-Ag^H)  01,  being  precipitated  when  acetylene  is  passed  through  a  solution  of 
chloride  of  silver  in  ammonia.  In  a  solution  of  hyposulphite  of  gold  and  sodium, 
acetylene  gives  a  yellowish  very  explosive  precipitate. 

When  potassium  or  sodium  is  heated  in  excess  of  acetylene,  it  is  said  that  one 
half  of  the  hydrogen  is  displaced  by  the  metal,  forming  acetylide  of  potassium 
(C^HK)  or  of  sodium  (C^HNa),  a  portion  of  the  acetylene  being  converted  into  olefi- 
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t  gas  (CjH^)  by  combiuatiou  with  the  displaced  hydrogen.  Whenheatedto  duUred- 
j  uoss,  sodium  completely  decomposes  acetylene,  C^Na^  being  obtained.    Both  these 
sodium  compounds  are  violently  decomposed  by  water,  acetylene  being  reproduced. 

The  copious  formation  of  acetylene  during  the  imperfect  combustion  of  ether  is 
.  very  readily  shown  by  introducing  a  few  drops  of  other  into  a  test-tube,  adding  a 
little  ammoniacal  solution  of  cuprous  chloride,  kindling  the  ether-vapour  at  the 
.  mouth  of  the  tube,  and  inclining  the  latter  so  as  to  expose  a  large  surface  of  the 
copper  solution,  when  a  large  quantity  of  the  red  cuprous  acetylide  is  produced.  If 
nitrate  of  silver  be  substituted  for  the  copper  solution,  the  white  precipitate  of  oxide 
of  argeut-acetyle  is  formed  abundantly. 
Acetylene  has  been  found  accompanying  the  vapour  of  hydrocyanate  of  ammonia 
.  produced  by  the  action  of  ammonia  on  red-hot  charcoal. 

Acetylene  is  a  colourless  gas  having  a  peculiar  odour,  recalling  that  of 
:  the  geranium,  which  is  always  perceived  where  coal-gas  is  undergoing 
;  imperfect  comhustion.    It  burns  with  a  very  bright  smoky  flame.  Its 
:  most  remarkable  property  is  that  of  inflaming  spontaneously  when  brought 
in  contact  with  chlorine.    If  a  jet  of  the  gas  be  allowed  to  pass  into  a 
bottle  of  clilorine,  it  wUI  take  fire  and  burn  with  a  red  flame  depositing 
much  carbon.    When  chlorine  is  decanted  up  into  a  cylinder  containing 
acetylene  standing  over  water,  a  violent  explosion  immediately  takes 
place,  attended  with  a  vivid  flash,  and  separation  of  a  large  amount  of 
carbon ;  C.H^  +  G\  =      +  2HC1. 

When  acetylene  is  passed  into  water,  it  is  absorbed  in  sufiicient  quan- 
tity to  impart  a  strong  smeU  to  the  water,  and  to  yield  a  decided  precipi- 
tate with  ammoniacal  cuprous  chloride  and  with  nitrate  of  silver. 

The  action  of  heat  upon  acetylene  is  very  remarkable  and  instructive, 
since  it  results  in  the  formation  of  a  complex  body  from  one  which  is  less 
complex  in  composition.  When  heated  in  a  glass  tube  for  half  an  hour 
to  the  point  at  which  the  glass  began  to  soften,  it  was  found  to  be  re- 
duced to  one-fifth  of  its  original  volume,  the  greater  portion  of  it  having 
been  converted  into  a  liquid  hydrocarbon  styrole,  CijH^,  hitherto  obtained 
from  the  vegetable  gum-resin  known  as  storax.  The  remaining  gas  was 
chiefly  hydrogen  (a  httle  carbon  having  separated)  with  a  little  defiant 
gas. .  When  heated  in  contact  with  coke  or  iron,  the  bulk  of  the  acety- 
lene is  decomposed  into  its  elements. 

By  suspending  the  acetylene  copper  precipitate  in  solution  of  ammonia, 
and  heating  with  a  little  granulated  zinc,  Berthelot  has  induced  the  acety- 
lene to  combine  with  the  {nas- 
cent) hydrogen  to  form  olefiant 
gas  (CA). 

72.  Olefiant  gas. — This  gas 
is  found  in  larger  quantity  than 
acetylene,  among  the  products 
of  the  action  of  heat  upon  coal, 
and  other  substances  rich  in  car- 
bon, and  it  is  one  of  the  most 
important  constituents  of  the 
illuminating  gases  obtained  from 
such  materials. 

Olefiant  gas  may  readily  be 
prepared  by  the  action  of  strong  i^ig.  81. -Preparation  of  oleHant 

sidphuric  acid  (oU  of  vitriol, 
HO  .  SO.))  upon  alcohol  (spirit  of  wine  CJI^O^). 


Two  raea.sures  of  oil  of  vitriol  are  introducpd  into  a  flask  (fig.  81).  and  one 
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Fig.  82. 


of  alcohol  is  gradually  poured  in,  the  flask  being  agitated  after  each  addition  of  the' 
acid  ;  much  "heat  is  evolved,  and  there  would  bo  danger  in  mixing  large  volumes 

suddenly.*  On  applying  a  moderate  heat,  the  liquid 
will  darken  in  colour,  effervescence  will  take  place, 
and  the  gas  may  be  collected  in  jars  filled  with 
water.  When  the  mixture  has  become  thick,  and  • 
the  evolution  of  the  gas  is  slow,  the  end  of  the  tube 
must  be  removed  from  the  water  and  the  lamp  ex- 
tinguished. 

The  gas  wiU  be  found  to  have  a  very  peculiar 
odour,  in  which  that  of  ether  and  of  sulphurous  acid 
are  perceptible.  One  of  the  jars  may  be  closed  with 
a  glass  plate,  and  placed  upon  the  table  with  its 
mouth  upwards  ;  on  the  approach  of  a  flame  the  gas 
will  take  fire,  burning  with  a  bright  white  flame  char- 
acteristic of  olefiant  gas,  and  seen  to  best  advantage 
when,  after  kindling  the  gas,  a  stream  of  water  is 
poured  down  into  the  jar  in  order  to  displace  the  gas 
(fig.  82.) 

Another  jar  of  the  gas  may  be  well  washed  Ly 
transferring  it  repeatedly  from  one  jar  to  another 
under  water,  a  little  solution  of  potash  may  then  be 
poured  into  it,  and  the  jar  violently  shaken,  its 
mouth  being  covered  with  a  glass  plate ;  the  potash 
will  remove  all  the  sulphurous  acid,  and  the  gas  will 
now  exhibit  the  peculiar  faint  odour  which  belongs 
to  olefiant  gas. 

The  purified  gas  may  be  transferred,  under  water,  to  another  jar,  kindled,  and 
allowed  to  burn  out;  if  a  little  lime-water  be  then  shaken  in  the  jar,  its  turbidity  will 
indicate  the  presence  of  carbonic  acid,  which  is  produced,  together  with  water,  when 
olefiant  gas  burns  in  air :  GJl^  +  0,2  =  4002  +  4H0. 

On  comparing  the  composition  of  olefiant  gas  (C^HJ  witli  that  of 

alcohol  (C^HgOg),  it  is  evident  that  the 
former  may  be  supposed  to  be  produced 
from  the  latter  by  the  abstraction  of  two 
equivalents  of  water  (HjO^)  which  are  rer 
moved  by  the  sulphuric  acid,  though  other 
secondary  changes  take  place,  resulting 
in  the  separation  of  carbonaceous  matter 
and  the  production  of  sulphurous  acid. 
A  more  complete  explanation  of  the  action 
of  sulphuric  acid  upon  alcohol  must  be  re- 
served for  the  chemical  liistory  of  tliis 
compound. 

Olefiant  gas  derives  its  name  from  its 
property  of  uniting  with  chlorine  and  bro- 
mine to  form  oily  liquids,  a  circumstance 
which  is  apphed  for  the  determination  of 
the  proportion  of  this  gas  present  in  coal- 
gas,  upon  which  great  part  of  the  illuminat- 
ing value  of  coal-gas  depends.  The  com- 
pound with  chlorine  (C^H^Cy  is  known 
as  Dutch  lujuid,  having  been  discovered  by 
Dutch  chemists,  and  is  remarkable  for  its 
resemblance  to  chloroform  in  odoiu'. 

To  exhibit  the  formation  of  Dutch  liquid,  a 
quart  cylinder  (fig  83)  is  half  filled  with  olefiant  gas,  and  half  with  chlorine,  which 
•  If  methylated  spirit  be  employed,  the  mixture  will  have  a  dark  red-brown  colour. 
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is  rapidly  passed  up  into  it,  from  a  bottle  of  tlio  gas,  under  water.  The  cylmder  is 
he  closed  with  a  glass  plate,  and  supported  with  its  mouth  downwards  under  water 
u  separating  funtel  furnished  *itli  a  glass  stop-cock.  The  volume  of  the  mixed 
gases  begins  to  diminish  immediately,  drops  of  oil  being  formed  upon  the  s  de  of 
the  cylinder  and  the  surface  of  the  water.  As  the  drops  increase,  they  fall  to  the 
bottom  of  the  funnel.  Water  must  be  poured  into  the  funnel  to  replace  hat  which 
rises  into  the  cylinder,  and  when  the  whole  of  the  gas  has  disappeared,  the  oil  may 
be  drawn  out  of  the  funnel  through  the  stop-cock  into  a  test-glass,  m  which  i  is 
shaken  with  a  little  potash  to  absorb  any  excess  of  chlorine.  The  fragrant  odour  of  t^he 
Dutch  liquid  will  then  be  perceived,  especiaUy  on  pouring  it  out  into  a  f  allow  dis  i 

A  very  instmctive  experiment  consists  in  filling  a  three-pint  cylinder  one-thud 
full  of  olefiant  gas,  then  rapidly  filling  it  up,  under  water,  with  two  pints  of  cUorine. 
closing  its  mouth  with  a  glass  plate,  shaking  it  to  mix  the  gases,  slipping  the  plate 
aside  and  applying  a  light,  when  the  mixture  burns  with  a  red  flame  which  passes 
gradually  down  the  cylinder,  and  is  due  to  the  combination  of  the  hydrogen  with 
the  chlorine,  the  whole  of  the  carbon  being  separated  in 
the  solid  state — 

C,H,  +  CI,  =  4HC1  +  C, 

When  olefiant  gas  is  subjected  to  tlie  action  of 
higli  temperatures,  as  by  passiug  tbrough.  beated 
tubes,  one  portion  is  decomposed  into  marsb-gas 
with  separation  of  carbon,  wliilst  another 
portion  yields  acetylene  (C,HJ  and  hydrogen ;  these 
decompositions  will  be  found  to  be  of  great  impor- 
.tance  in  the  manufacture  of  coal-gas. 

The  action  of  heat  upon  olefiant  gas  is  most  conveniently 
shown  by  exposing  it  to  the  spark  from  an  induction  coil. 

The  gas  is  confined  in  a  tube  (A,  fig.  84)  which  is  placed 
in  a  cylindrical  jar  (B)  containing  mercury.    Through  the 
mercury  passes  a  copper  wire  (C)  thrust  through  a  glass 
tube  (D)  to  insulate  it  from  the  mercury  ;  this  wire  is  con- 
nected with  one  of  the  wires  (E)  from  the  induction  coil,     .     ^  .    ^.  ... 
whilst  the  other  (F)  is  allowed  to  dip  into  the  mercury  contained  in  the  cylmder 
On  putting  the  coil  in  action  (with  two  or  three  cells  of  Grove's  battery),  the  spark 
will  pass  between  the  extremity 
(0)  of  the  insulated  copper  wire 
and  the  surface  of  the  mercury 
in  the  tube,  decomposing  the 
olefiant  gas  in  its  passage,  and 
causing  a  separation  of  carbon, 
which  sometimes  forms  a  con- 
ducting  communication,  and 
allows  the  current  to  pass  with- 
out a  spark.    This  may  be  ob- 
viated by  reversing  the  current, 
or  by  gently  shaking  the  tube. 

Theoleflant  gas  will  expand  to 
nearly  twice  its  former  volume, 
80  that  the  tube  will  gradually 
rise  in  the  mercury,  but  the 
same  distance  may  always  be 
maintained  for  the  passage  of 
tlic  spark. 

To  show  the  profluction  of 
acetylene,  another  arrangement 
will  bo  found  convenient  (fig. 
86).  A  globe  with  four  necks 
is  employed;  through  two  of 
these  nocks  are  passed,  air-tight 
with  perforated  corks,  the  cop- 
per wires  connected  witli  the  in-  Fig.  85.— Preparation  of  cuprous  acctylide  from  • 
duction  coil.    A  third  neck  re-  olefiant  gas. 
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ceives  a  tube,  conveying  defiant  gas  from  a  gas-bolder,  whilst  from  the  fourth 
proceeds  a  tube  dipping  to  the  bottom  of  a  small  cylinder.  When  the  whole  of 
the  air  has  been  displaced  by  olefiant  gas,  a  solution  of  sub-chloride  of  copper  in 
ammonia  is  poured  into  the  cylinder,  and  the  gas  allowed  to  bubble  through  it, 
when  the  absence  of  acetylene  will  be  shown  by  there  being  no  red  compound 
formed.  As  soon,  however,  as  the  spark  is  passed  the  red  precipitate  will  appear, 
and,  in  a  very  few  minutes,  a  large  quantity  will  be  deposited.  Coal-gas  may  be 
employed  instead  of  olefiant  gas,  but  of  course  less  of  the  copper-compound  will  be 
obtained. 

73.  Marsli-gas,  or  light  carluretted  hydrogen. — Unlilte  acetylene  and 
olefiant  gas,  this  hydrocarbon  is  found  in  nature,  being  produced  wherever 
vegetable  matter  is  undergoing  decomposition  in  the  presence  of  moisture 
The  bubbles  rising  from  stagnant  pools,  when  collected  and  examined,  are 
found  to  contain  marsh-gas  mixed  with  carbonic  acid,  and  there  is  reason 
to  believe  that  these  two  gases  represent  the  principal  forms  in  which  the 
hydrogen  and  oxygen  respectively  were  separated  from  wood  during  the 
process  of  its  conversion  into  coal.  This  would  account  for  the  constant 
presence  of  this  gas  in  the  coal-formations,  where  it  is  usually  termed  fire- 
damp.  It  is  occasionally  found  pent  up  under  pressure  between  the  layers 
of  coal,  and  the  pores  of  the  latter  are  sometimes  so  full  of  it  that  it  may 
be  seen  rising  in  bubbles  when  the  fi-eshly  he^vn  coal  is  thi-own  into 
water.  Perhaps  a  similar  origin  is  to  be  ascribed  to  the  liquid  hydro- 
carbons chemically  similar  to  marsh-gas,  which  are  found'  so  abundantly 
in  Pennsylvania  and  Canada,  and  are  known  by  the  general  name  of 
'petroleum. 

Marsh  -gas  is  obtained  artificially  by  the  following  process  :  

500  grains  of  dried  acetate  of  soda  are  finely  powdered,  and  mixed,  in  a  mortar 
with  200  grains  of  solid  hydrate  of  potash,  and  300  grains  of  powdered  quicklime 
(or  with  500  grains  of  the  mixture  of  hydrate  of  lime  and  hydrate  of  soda,  which  is 
sold  as  soda-Ume).  The  mixture  is  heated  in  a  Florence  flask  (or  better,  a  copper 
tube,  for  the  alkali  corrodes  the  glass),  and  the  gas  collected  over  water  (fig.  86). 


Fig.  86. — Preparation  of  marsh-gas. 


The  decomposition  will  be  evident  from  the  following  equation : — 
NaO.c^HjOg  -1-  KO.HO  =  NaO .  COg  +  KO.CO, 
Acetate  of  soda.        Hydrate  of  potash.       Carb.  of  soda.        Carb.  of  potash. 

Tho  marsh-gas  will  be  easily  recognised  by  its  biu-niug  Avith  a  pale 
illummatmg  flame,  far  inferior  in  brilliancy  to  those  of  olefiant  gas  and 
acetylene,  but  unattended  with  smoke. 

1  he  properties  of  this  gas  deserve  a  careful  study,  on  account  of  the 
ii'cquent  fatal  explosions  to  which  it  gives  rise  in  coal-mines,  where  it  is 
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often  found  accumulated  under  pressure,  and  discliarging  itself  with  con- 
siderable force  from  the  fissures  or  Uowers  made  in  hewing  the  coal. 
Marsh-gas  has  no  characteristic  smell  like  coal-gas,  and  the  miner  thence 
receives  no  timely  warning  of  its  presence ;  it  is  much  lighter  than  air 
(sp.  gr.  0-5596),  and  therefore  very  readily  diffuses*  itself  (page  29) 
thi-ough  the  air  of  the  mine,  with  which  it  forms  an  explosive  mixture  as 
soon  as  it  amoimts  to  one-eighteenth  of  the  volume  of  the  air.  The  gas 
issuing  from  the  blower  would  burn  quietly  on  the  application  of  a  light, 
since  the  marsh-gas  is  not  explosive  unless  mixed  with  the  air,  when  a 
large  volume  of  the  gas  is  burnt  in  an  instant,  causing  a  sudden  evolution 
of  a  great  deal  of  heat,  and  a  consequent  sudden  expansion  or  explosion 
exerting  gi-eat  mechanical  force.  The  most  violent  explosion  takes  place 
when  one  volume  of  marsh-gas  is  mixed  with  two  volumes  of  oxygen, 
since  this  quantity  is  exactly  sufficient  to  effect  the  complete  combustion 
of  the  carbon  and  hydrogen  of  the  gas,  and  therefore  to  evolve  the  greatest 
amoimt  of  heat :  C2H^  +  08  =  2CO2  -1-  4H0.  The  calculated  pressure 
exerted  by  the  exploding  mixture  of  marsh-gas  and  oxygen  amounts  to 
37  atmospheres,  or  555  lbs.  upon  the  square  inch.  Since  air  contains  one- 
fifth  of  its  volume  of  oxygen,  it  would  be  necessary  to  employ  ten 
volumes  of  air  to  one  volume  of  marsh-gas  in  order  to  obtain  perfect  com- 
bustion, but  the  explosion  will  be  much  less  violent  on  account  of  the 
presence  of  the  eight  volumes  of  inert  nitrogen,  the  calculated  pressure 
exerted  by  the  explosion  being  only  14  atmospheres,  or  210  lbs.  on  the 
square  inch.  Of  course,  if  more  air  is  employed,  the  explosion  will  be 
proportionally  weaker,  until,  when  there  are  more  than  eighteen  volumes 
of  air  to  each  volume  of  marsh-gas,  the  mixture  will  be  no  longer  explosive, 
but  will  burn  with  a  pale  fiame  around  a  taper  immersed  in  it.  The  car- 
bonic acid  resulting  from  the  explosion  is  called  by  miners  the  after-damp, 
and  its  effects  are  generally  fatal  to  those  who  may  have  escaped  death 
from  the  explosion  itself. 

Fortunately,  marsh-gas  requires  a  much  higher  temperature  to  inflame 
it  than  most  other  inflammable  gases ;  thus  a  solid  body  at  an  ordinary 
red  heat  does  not  kindle  the  gas,  contact  with  flame,  or  with  a  body 
heated  to  whiteness,  being  required  to  ignite  it. 

If  two  strong  gas-cylinders  be  filled,  respectively,  with  mixtures  of  2  vols,  hydrogen 
with  1  vol.  oxygen,  and  of  1  vol.  marsh-gas  and  2  vols,  oxygen,  it  will  be  found,  on 
holding  them  with  their  mouths  downwards,  and  inserting  a  red-hot  iron  bar,  that 
the  marsh-gas  mixture  will  not  oxj)lode,  but  if  the  bar  be  transferred  at  once  to  the 
hydrogen  mixture,  explosion  will  take  place.  A  lighted  taper  may  then  be  used  to 
explode  the  marsh-gas  and  hydrogen. 

Coal-gas,  although  answering  very  well  for  many  illustrations  of  the  proijerties  of 
marsh-gas,  cannot  bo  used  in  this  experiment,  since  some  of  its  constituents  inflame 
at  a  far  lower  temperature. 

In  consequence  of  the  high  temperature  required  to  inflame  the  mixture 
of  marsh-gas  and  air,  it  is  necessary  that  the  mixture  bo  allowed  to  remain 
for  an  appreciable  time  in  contact  with  the  flame  before  its  particles  are 
raised  to  the  igniting  point.  It  was  on  this  principle  that  Stephenson's 
original  safety  lamp  was  constructed,  the  flame  being  surrounded  witli  a 
tall  glass  chimney,  the  rapid  draught  through  which  caused  the  explosive 
mixture  to  be  hurried  past  the  flame  without  igniting. 

3  Ansdl's  fire-damp  indicator  is  an  apparatus  in  wliich  the  higli  rate  ol'  difl'usion  of 
marsh-gas  is  taken  advantage  of  in  order  to  detect  its  presence  in  the  air  of  mines.  The 
experiment  described  at  page  29  illustrates  its  principle. 
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To  illustrate  this,  a  copper  funnel  (fig.  87)  holding  about  two  quarts  is  employed, 
the  neck  of  which  has  an  opening  of  about  J  inch  in  diameter.  The  funnel  being 
placed  mouth  downwards  in  the  pneumatic  trough,  the  orifice  is  closed  with  tlie 


Fig.  87. 


finger,  and  half  a  pint  of  coal-gas  passed  up  into  the  funnel.  The  latter  is  now 
raised  from  the  water,  so  that  it  may  become  entirely  filled  with  air.  By  depressing 
the  funnel  to  a  considerable  depth  in  the  water,  the  aperture  being  still  closed  by 
the  finger,  the  mixture  will  be  confined  under  considerable 
pressure,  and  if  a  lighted  taper  be  held  to  the  aperture,  and 
the  finger  removed,  it  will  be  found  that  the  mixture  sweeps 
past  the  flame  without  exploding,  until  the  water  has  reached 
the  same  level  in  the  funnel  as  in  the  trough,  when  the  gas 
comes  to  rest  and  explodes  with  great  violence. 


Fig.  88.— Davy  lamp. 


Davy's  safety  lamp  (fig.  88)  is  an  application  of  the 
principle  that  ignited  gas  {flame)  is  estinguislLed  by 
contact  with  a  large  surface  of  a  good  conductor  of  heat, 
such  as  copper  or  iron. 

If  a  thin  copper  wire  be  coiled  round  into  a  helix,  and  care- 
fully placed  over  the  wick  of  a  burning  taper  (fig.  89),  the  flame 
will  be  at  once  extinguished,  its  heat  being  so  rapidly  trans- 
mitted along  the  wire  that  the  temperature  falls  below  the  point  at  which  the  com- 
bustible gases  enter  into  combination  with  oxygen,  and  therefore  the  combustion 
ceases.  If  the  coil  be  heated  to  redness  in  a  spirit-lamp  flame  before  placing  it  over 
the  wick,  it  will  not  abstract  the  heat  so  readily,  and  will  not  extinguish  the  flame. 
If  a  copper  tube  were  substituted  for  the  coiled  wire,  the  same  result  would  be  ob- 
tained, and  by  employing  a  number  of  tubes  of  very  small 
diameter,  so  that  the  metallic  surface  may  be  very  large 
in  proportion  to  the  volume  of  ignited  gas,  the  most  ener- 
getic combustion  may  be  arrested,  as  in  the  case  of 
Hemming' s  safety  Jet,  which  consists  of  a  brass  tube  tightly 
stuffed  with  thin  copper  wires  so  as  to  leave  very  narrow 
passages,  thus  rendering  it  impossible  for  the  oxyhydrogcn 
flame  at  the  jet  to  pass  back  and  ignite  the  mixture  in  the 
reservoir. 

It  is  evident  that  the  exposure  of  a  large  extent  ot  cool- 
ing surface  to  the  action  of  the  flame,  may  ho  effected 
either  by  increasing  the  length  or  by  diminishing  the 
width  of  the  metallic  tubes,  so  that  wire  gauze,  which  may  be  regarded  as  a  collection 
oi  very  short  tubes,  will  form  an  effectual  barrier  to  flame,  provided  that  it  has  a 
sufflciont  number  of  meshes  to  the  inch. 

If  a  piece  of  iron  wire  gauze,  containing  about  800  meshes  to  the  square  inch,  be 
depressed  upon  a  flame,  it  will  extinguish  that  portion  with  whicli  it  is  in  contact, 
and  the  combustible  gas  which  escapes  through  the  gauze  may  be  kindled  by  a 
lighted  match  held  on  the  upper  side.  By  holding  the  gauzo  two  or  three  inches 
above  a  gas  jet,  the  gas  may  be  lighted  above  it  without  communicating  the  flame 
to  the  burner  itself. 


Fig.  89. 
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When  blazing  spirit  is  poured  upon  a  piece  of  wire  gauze  (fig.  90)  tlie  flame  will 
remain  upon  the  gauze,  and  the  extinguished  spirit  will  pass  through.  A  little 
benzole  or  turpentine  may  be  added  to  the  spirit 
so  that  its  flame  may  bo  more  visible  at  a  dis- 
tance. 

The  safety  lamp  is  an  oil  lamp,  the  flame 
of  which  is  surrounded  hy  a  cage  of  iron 
wire  gauze,  having  700  or  800  meshes  in 
the  square  rach,  and  made  double  at  the  toji 
where  the  hetit  of  the  flame  chiefly  plays. 
This  cage  is  protected  by  stout  iron  wires 
attached  to  a  ring  for  suspending  the  lamp. 
A  brass  tube  passes  up  through  the  oil 
reservoir,  and  in  this  there  slides,  with  con- 
siderable friction,  a  wire  bent  at  the  top,  so  that  the  wick  may  be  trimmed 
without  taking  oif  the  cage. 

If  this  lamp  be  suspended  in  a  large  jar,  closed  at  the  top  with  a  perforated 
wooden  cover  (A,  fig.  91),  and  having  an  aperture  (B)  below,  through  which  coal- 
gas  may  be  admitted,  the  lamp  will  burn,  of  course,  in 
the  ordinary  way ;  but  if  the  gas  be  allowed  to  pass 
slowly  into  the  jar,  the  flame  will  be  seen  to  waver,  to 
elongate  itself  very  considerably,  and  will  be  ultimately 
extinguished,  when  the  wire  cage  will  be  seen  to  be 
filled  with  a  mixture  of  coal-gas  and  air  burning  tran- 
quilly within  the  gauze,  which  prevents  the  flame  from 
passing  to  ignite  the  explosive  atmosphere  surrounding 
the  lamp ;  that  an  explosive  mixture  really  fills  the  jar 
may  be  readily  ascertained  by  introducing,  through  an 
aperture  (C)  in  the  cover,  the  unprotected  flame  of  a 
taper,  when  an  explosion  will  take  place. 

This  experiment  illustrates  the  action  of  the  Davy 
lamp  in  a  mine  which  contains  fire-damp,  and  makes  it 
evident  that  this  lamp  would  afi'ord  complete  protection 
if  carefully  used.  It  would  obviously  be  unsafe  to  allow 
the  lamp  to  remain  in  the  explosive  mixture  when  the 
cage  is  filled  with  flame,  for  the  gauze  would  either 
become  sufiBcieutly  heated  to  kindle  the  surrounding  gas,  or  would  be  oxidised  and 
eaten  into  holes,  which  would  allow  the  passage  of  the  flame.  Nor  should  the  lamp 
bo  exposed  to  a  very  strong  current,  which  might  possibly  be  able  to  carry  the  flame 
through  the  meshes. 

The  great  defect  of  the  Davy  lamp  is  that  it  does  not  afford  more  than 
a  glimmering  light,  so  that  even  if  the  miners  were  prohibited  from  em- 
ploying any  candles,  they  woidd  (and  experience  has  proved  that  they  do) 
remove  the  whe  cage  at  all  risks.  The  lamp  has  been  modified  so  as  par- 
tially to  remove  this  defect,  by  substituting  glass  or  talc  for  some  portions 
of  the  wire  gauze.  It  is  now  usual,  however,  to  employ  the  Davy  lam}) 
merely  in  order  to  test  the  state  of  the  air  in  the  different  parts  of  the 
mine;  for  this  purpose  the  firemen  descend  before  the  commencoment 
of  work  every  morning,  and  examine  with  their  safety  lamps  every  portion 
of  the  mine,  giving  warning  to  the  miners  not  to  approach  those  parts  in 
which  any  accumulation  of  fire-damp  (or  tccluiically,  "  sulphur  ")  is  per- 
ceived. The  miners  then  work  with  naked  candles,  and  it  appears  to  be 
not  unusual  to  see  a  blue  flame  (or  corpse  light)  playing  around  the 
candles,  so  that  the  miners  may  become  accustomed  to  regard  witli  little 
concern  the  very  indication  which  shows  that  the  quantity  of  fire-damp  is 
only  a  little  below  that  required  to  foi-m  an  explosive  mixture.  When- 
ever jiaked  flames  are  used  in  the  mine  there  must  always  be  great  risk  ; 


Fig.  91. 
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in  most  seams  of  coal  there  are  considerable  accumulations  of  fire-damp ; 
when  a  fissure  is  made,  the  gas  escapes  very  rapidly  from  the  blower,  and 
the  air  ia  its  vicinity  may  soon  become  converted  into  an  explosive  mix- 
ture. In  mines  where  small  quantities  of  fire-damp  are  known  to  be 
contiaually  escaping  from  the  coal,  ventilation  is  depended  upon  in  order 
to  dilute  the  gas  with  so  large  a  volume  of  air  that  it  is  no  longer  explo- 
sive, and  finally  to  sweep  it  out  of  the  miae;  but  it  has  occasionally 
happened  that  the  ventilation  has  been  interfered  with  by  a  door  having 
been  left  open  in  one  of  the  galleries,  or  by  a  passage  having  been 
obstructed  through  the  accidental  falling  in  of  a  portion  of  the  coal,  and 
an  explosive  mixture  has  then  been  formed. 

Structiirb  op  Elame, 

74.  The  consideration  of  the  structure  and  properties  of  ordinary 
flames  is  necessarily  connected  with  the  history  of  olefiant  gas  and  marsh- 
gas.  Flame  may  be  defined  as  gaseous  matter,  heated  to  the  temperature 
at  which  it  becomes  visible,  or  emits  light.  Solid  particles  begin,  for  the 
most  part,  to  emit  light  when  heated  to  about  1000°  P. ;  but  gases,  on 
account  of  their  greater  expansibility,  must  be  raised  to  a  far  higher 
temperature,  and  hence  the  point  of  visibility  is  seldom  attained,  except 
by  gases  which  are  themselves  combustible,  and  therefore  capable  of 
producing,  by  their  own  combination  with  atmospheric  oxygen,  the  requi- 
site degree  of  heat.  The  presence  of  a  combustible  gas  (or  vapour), 
therefore,  is  one  of  the  conditions  of  the  existence  of  flame ;  a  diamond, 
or  a  piece  of  thoroughly  carbonised  charcoal,  will  burn  in  oxygen  with 
a  steady  glow,  but  without  flame,  since  the  carbon  is  not  capable  of  con- 
version into  vapour,  while  sulphur  burns  with  a  voluminous  flame,  in 
consequence  of  the  facility  with  which  it  assumes  the  vaporous  condition, 
lb  wiU  be  observed,  moreover,  that  in  the  case  of  a  non-volatile  combus- 
tible, the  combination  with  oxygen  is  confined  to  the  surface  of  contact, 
whilst  in  the  flame  of  a  gas  or  vapour,  the  combustion  extends  to  a  con- 
siderable depth,  the  oxygen  intermingling  with  the  gaseous  fuel. 

Flames  may  be  conveniently  spoken  of  as  simple  or  compound,  accord- 
ingly as  they  involve  one  or  more  phenomena  of  combustion ;  thus,  for 
example,  the  flames  of  hydrogen  and  carbonic  oxide  are  simple,  whilst 
those  of  marsh-gas  and  olefiant  gas  are  compound,  since  they  involve  both 
the  conversion  of  hydrogen  into  water  and  of  carbon  into  carbonic  acid. 

It  is  obvious  that  simjjtle  flames  must  be  hollow  in  ordinary  cases,  such 
as  that  of  a  gas  issuing  from  a  tube  into  the  au-,  the  hollow  being  occu- 
J)ied  by  the  combustible  gas  to  which  the  oxygen  does  not  penetrate. 

All  the  flames  which  are  ordinarily  turned  to  useful  accoimt  are  com- 
poimd  flames,  and  involve  several  distinct  phenomena.  Before  examining 
these  more  particularly,  it  will  be  advantageous  to  point  out  the  conditions 
which  regulate  the  luminosity  of  flames. 

J ust  as  gaseous  matter  is  essential  to  the  existence  of  flame,  the  presence 
of  solid  particles  suspended  in  the  flame  is  essential  to  its  luminosity. 

It  has  been  seen  that,  when  sulphur  burns  in  oxygen,  it  emits  a  pale 
limd  light,  whilst  phosphorus,  under  similar  circumstances,  pelds  an 
intolerable  blaze ;  this  is  easily  explained,  for  the  product  of  the  combus- 
tion of  sulpliur,  sulphurous  acid,  is  gaseous  at  this  temperature,  but  the 
sohd  phosphoric  acid,  formed  from  the  phosphorus,  is  suspended  in  the 
flame,  m  a  state  of  very  minute  division,  and  becomes  heated  to  so  high 
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a  degree  as  to  emit  a  beautiful  wliito  light.  That  this  is  a  true  account 
of  the  matter  is  seen  by  introducing  the  phosphorus  into  a  jar  of  chlorine 
gas,  when  it  burns  with  a  flame  Avhich  is  even  paler  than  that  of  sulphur 
in  oxygen,  since  the  chloride  of  phosphorus  which  is  formed  is  a  vapour- 
at  the  temperature  of  the  combustion. 

It  is  not  necessary  that  the  suspended  solid  matter  should  be  a  product 
of  the  combustion ;  any  extraneous  solid  in  a  finely  divided  state  will 
confer  illunrinating  power  upon  a  flame.  Thus,  the  flame  of  hydrogen 
may  be  rendered  highly  luminous  by  burning  a  piece  of  phosphorus  in  its 
vicinity,  so  that  the  clouds  of  phosphoric  acid  may  pass 
through  the  flame,  or  by  blowing  a  little  very  fine  char- 
coal powder  into  it,  from  the  bottle  represented  in  fig.  92. 

The  luminosity  of  all  ordinary  flames  is  due  to  the 
presence  of  highly  heated  carbon  in  a  state  of  very 
minute  division,  and  it  remains  to  consider  the  changes 
by  which  this  finely  divided  carbon  is  separated  in  the 
flame. 

A  candle,  a  lamp,  and  a  gas-burner,  exhibit  contriv- 
ances for  procuring  light  artifically  in  different  degrees 
of  complexity,  the  candle  being  the  most  complex  of 
the  three.    When  a  new  candle  is  lighted,  the  first  portion  of  the  wick  is 
burnt  away  untU  the  heat  reaches  that  part  which  is  saturated  with  the 
wax  or  tallow  of  which  the  candle  is  composed ;  this  wax  or 
tallow  then  undergoes  destructive  distillation,  yielding  a  variety 
of  products,  among  which  olefiant  gas  is  found  in  abundance. 
The  flame  furnished  by  the  combustion  of  these  products  melts 
the  fuel  around  the  base  of  the  Avick,  through  which  it  then 
mounts  by  capiUary  attraction,  to  be  decomposed  in  its  turn, 
and  to  furnish  fresh  gases  for  the  maintenance  of  the  flame.  In 
a  lamp,  the  fuel  being  liquid  at  the  commencement,  the  process 
of  fusion  is  dispensed  with  ;  and  in  a  gas-burner,  where  the  fuel 
is  supplied  in  a  gaseous  form,  the  process  of  destructive  distilla- 
tion has  been  abeady  carried  on  at  a  distance.    It  will  be  seen, 
however,  that  the  final  result  is  similar  in  all  three  cases,  the 

flame  being  maintained  by  such  gases  as  acetylene,  marsh-gas, 

and  olefiant  gas,  arising  from  the  destructive  distillation  of  wax, 

tallow,  oil,  coal,  &c. 

On  examining  an  ordinary  flame,  that  of  a  candle, 

seen  to  consist  of  three  concentric  cones  (flg.  93),  the 

the  wick,  appearing  almost  black,  the 

next  emitting  a  bright  white  light,  and 

the  outermost  being  so  pale  as  to  be 

scarcely  visible  in  broad  dayhght. 
The  dark  innermost  cone  consists  merely 

of  the  gaseous  combustible  to  wliich  the 

air  does  not  penetrate,  and  which  is  there- 
fore not  in  a  state  of  combustion. 

Tho  nature  of  this  cone  is  easily  shown  hy 

experiment :  a  strip  of  cardboard  held  across 

the  flame  near  its  base  will  not  burn  in  the 

centre  where  it  traverses  the  innermost  cone  ;  a 

piece  of  wire  gauzo  depressed  upon  tho  flame 

near  the  wick  (fig.  94)  will  allow  tho  passage  of 

the  combustible  gas,  which  may  be  kindled  above  it.  The  gas  may  be  conveyed  out 


Fig. 


for  instance,  it  is 
innermost,  around 
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of  tlio  flame  by  means  of  a  glass  tube  inserted  into  Iho  innermost  cone,  and  may  hu 
kindled  at  the  other  extremity  of  the  tube,  which  should  be  inclined  downwards 

(fig- 95)- 

A  piece  of  jshosphorus  in  a  small  spoon  held  in  the  interior  of  the  flame  of  a  spirit- 


Pig.  95. 

lamp,  will  melt  and  boil,  but  will  i^ot  burn  unless  it  be  removed  from  the  flame,  and 
may  then  be  extinguished  by  replacing  it  in  the  flame. 

The  combustible  gas  from  the  interior  of  a  flame  may  be  collected  in  a  flask 
(fig.  96)  furnished  with  two  tubes,  one  of  which  (A)  is  drawn  out  to  a  point  for 
insertion  into  the  flame,  whilst  the  other  (B),  which  passes 
to  the  bottom  of  the  flask,  is  bent  over  and  prolonged  by  a 
piece  of  vulcanised  tubing,  so  that  it  may  act  as  a  siphon. 
The  flask  is  filled  up  with  water,  the  jet  inserted  into  the 
interior  of  a  flame,  and  the  siphon  set  running  by  exhaust- 
ing it  with  the  mouth.  As  the  water  flows  out  through  the 
siphon,  the  gas  is  drawn  into  the  flask,  and  after  removing 
the  tube  from  the  flame,  the  gas  may  be  expelled  by 
blowing  down  the  siphon  tube,  and  may  be  burnt  at  the  jet. 
"When  a  candle  is  used  for  this  experiment,  some  solid  pro- 
ducts of  destructive  distillation  will  be  found  condensed  in 
Fig.  96.  the  flask. 

In  the  second  or  luminous  cone,  combustion  is  taking  place,  but  it  is 
by  no  means  perfect,  being  attended  by  the  separation  of  a  quantity  of 
carbon,  which  confers  luminosity  upon  this  part  of  the  flame.  The 
presence  of  free  carbon  is  shown  by  depressing  a  piece  of  porcelain  upon 
this  cone,  when  a  black  film  of  soot  is  deposited.  The  liberation  of  the 
carbon  is  due  to  the  decomposition  of  the  olefiant  gas  and  similar  hydro- 
carbons by  the  heat,  which  separates  the  carbon  from  the  hydrogen,  and 
this  latter,  undergoing  combustion,  evolves  suflicient  heat  to  raise  the 
separated  carbon  to  a  white  heat,  the  supply  of  ah-  which  penetrates  into 
this  portion  of  the  flame  being  insufiicient  to  effect  the  combustion  of  the 
Avhole  of  the  carbon. 

Some  very  simple  experiments  will  illustrate  the  nature  of  the  luminous  portion  of 
flame. 

Over  an  ordinary  candle  flame  (fig.  97)  a  tube  may  be  adjusted  so  as  to  convey 
the  finely-divided  carbon  from  the  luminous  part  of  the  flame  into  the  flame  of 
hydrogen,  which  will  thus  be  rendered  as  luminous  as  the  candle  flame,  the  dork 
colour  of  the  carbon  being  apparent  in  its  passage  through  the  tube. 

A  bottle  furnished  with  two  straight  tubes  (fig.  98)  is  connected  with  a  reservoir 
of  hydrogen.  One  of  the  tubes  is  provided  with  a  small  piece  of  wider  tube  con- 
Vff  ^'^^  tuft  of  cotton  wool.  On  kindling  the  gas  at  the  orifice  of  each  tube,  no 
clffleronce  will  be  seen  in  the  flames  until  a  drop  of  benzole  (Cj^H^)  is  placed  upon 
cotton,  when  its  vapour,  mingling  with  the  hydrogen,  will  furnisli  enough  carbon 
to  render  the  flame  brilliantly  luminous. 

The  pale  outermost  cone,  or  mantle,  of  the  flame,  in  Avhich  the  separated 
carbon  is  finallyconsumed,may  be  termed  the  cone  of  perfect  combustion,  and 
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is  much  tliinner  than  the  himinous  cone,  the  supply  of  air  to  this  external 
shell  of  flame beingunhmited,  and  the  combustion  therefore  speedily  effected. 


Fig.  97.  Pig-  98. 

The  mantle  of  the  flame  may  be  rendered  more  visible  by  burning  a  little  sodium 
near  the  flame,  when  the  mantle  is  tinged  strongly  yellow. 

By  means  of  a  siphon  about  one-third  of  an  inch  in  diameter  (fig.  99),  the  nature 
of  the  different  portions  of  an  ordinary  candle  flame  may  be  very  elegantly  shown. 
If  the  orifice  of  the  siphon  be  brought  just  over  the  extremity  of  the  wiclr,  the  com- 
bustible gases  and  vapours  will  pass  through  it,  and 
may  be  collected  in  a  small  flask,  where  they  can  be 
kindled  by  a  taper.  On  raising  the  orifice  into  the 
luminous  portion  of  the  flame,  voluminous  clouds  of 
black  smoke  will  pour  over  into  the  flask,  and  if  the 
siphon  be  now  raised  a  little  above  the  point  of  the 
flame,  carbonic  acid  can  be  collected  in  the  flask,  and 
may  be  recognised  by  shaking  with  lime-water. 

The  reciprocal  nature  of  the  relation  between  the 
combustible  gas  and  the  air  which  supports  its  com- 
bustion may  bo  illustrated  in  a  striking  manner  by 
burning  a  jet  of  air  in  an  atmosphere  of  coal-gas.  jig.  99. 

A  quart  glass  globe  with  three  necks  is  connected 
at  A  (fig.  100)  with  the  gas-pipe  by  a  vulcanised  tube.  The  second  neck  (B),  at  the 
upper  part  of  the  globe,  is  connected  by  a  short  piece  of  vulcanised  tube  with  a  piece 
of  glass  tube  about  J  inch  wide,  from  which  the  gas  may  be  burnt.  Into  the  third 
and  lowermost  neck  is  inserted,  by  means  of  a  cork,  a  thin  brass  tube,  C  (an  old 
cork-borer),  about  4  inch  in  diameter.  When  the  gas  is  turned  on,  it  may  be  lighted 
at  the  upper  neck ;  and  if  a  lighted  match  be  then  quickly  thrust  up  the  tube  0,  the 
air  which  enters  it  will  take  fire  and  burn  inside  the  globe, 


Fig.  100.— Air  burning  in  Fig.  101.— To  make  a  throe-necked  llask. 

coal-gas. 

A  very  inexpensive  apparatus  for  this  purpose  may  bo  constructed  from  a  common 
Florence  oil-flask.    By  applying  a  blowpipe  flamo  at  A  (fig.  101),  so  as  to  heat  to 
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Fig.  102. — Argand  biimer. 


whiteness  a  spot  as  large  as  a  threepenny-piece,  and  quickly  blowing  into  the  neck 
of  the  flask,  the  heated  portion  of  tlie  glass  may  bo  made  to  bulge  out,  A  similar 
protuberance  is  then  to  be  formed  at  B.  A  sharp-pointed  flame  is  directed  upon  A, 
and  the  glass  burst  by  blowing  into  the  flask  whilst  it  is  still  exposed  to  the  flame. 
By  fusing  the  edges  of  the  hole  thus  produced,  and  turning  them  outwards  with  the 
end  of  a  file,  a  short  neck  may  be  formed  capable  of  receiving  a  cork.  When  this 
is  cool  it  is  closed  with  a  cork,  and  a  second  similar  neck  is  produced  at  B. 

From  tliis  review  of  the  structure  of  flame,  it  is  evident  that,  in.  order 
to  secure  a  flame  which  shall  be  useful  for  illiuimiation,  attention  must  be 
paid  to  the  supply  of  oxygen  (or  air),  and  to  the  composition  of  the  fuel 
employed.    The  use  of  the  chimney  of  an  Argand  burner  (fig.  102)  afi'ords 

an  instance  of  the  necessity  for  attention  to  the 
proper  supply  of  air.  Without  the  chimney,  the 
.  flame  is  red  at  the  edges  and  smoky,  for  the 
supply  of  air  is  not  sufficient  to  consume  the 
whole  of  the  carbon  which  is  separated,  and 
the  temperature  is  not  competent  to  raise  it  to 
a  bright  white  heat,  defects  which  are  remedied 
as  soon  as  the  chimney  is  placed  over  it,  and 
the  rapidly-ascending  heated  column  of  air  di-aws 
in  a  liberal  suj)ply  beneath  the  burner,  as  indi- 
cated by  the  arrows. 

By  using  two  chimneys,  and  causing  the  air 
to  pass  down  between  them,  so  as  to  be  heated 
to  about  500°  F.  before  reaching  the  flame,  an 
equal  amount  of  light  may  be  obtained  from  a 
much  smaller  supply  of  gas. 
The  smokeless  gas-burners  employed  in  laboratories  and  kitchens  exhibit 
the  result  of  mixing  the  gas  with  a  considerable  proportion  of  air  before 
burning  it,  the  luminous  part  of  the  flame  then  en- 
tirely disappearing,  with  great  augmentation  of  the 
temperature  of  the  flame,  since  the  carbon  is  burnt 
simultaneously  with  the  hydrogen. 

The  most  efiicient  burner  of  this  kind  {Bunaen's  burner, 
fig.  103)  is  that  in  which  the  gas  is  conveyed  into  a  wide 
tube,  at  the  base  of  which  there  are  four  large  holes  for  the 
admission  of  air.  When  a  good  supply  of  gas  is  turned 
on,  a  quantity  of  air  is  drawn  in  through  the  lower  aper- 
tures, and  the  mixture  of  air  and  gas  may  be  kindled  at 
the  orifice  of  the  wide  tube,  its  rapid  motion  preventing  the 
flame  from  passing  down  within  the  tube.  This  tube  is  sometimes  surmounted  by 
a  rosette  burner  to  distribute  the  flame.  By  closing  the  air-holes  with  the  fingers 
a  luminous  flame  is  at  once  produced. 

The  principle  of  this  burner  has  been  applied  for  testing 
the  illuminating  value  of  gas,  by  measuring  the  quantity 
of  air  which  must  be  supplied  to  a  flame  consuming  a  given 
quantity  of  gas,  in  order  to  destroy  the  luminosity,  the 
illuminating  value  being  proportional  to  the  quantity  of 
air  which  is  necessary  for  this  purpose. 

The  gauze  burner  (fig.  104)  consists  of  an  open  cylinder 
surmounted  by  wire  gauze.  When  this  is  placed  over  the 
gas-burner,  a  supply  of  air  is  drawn  in  at  the  bottom  by 
the  ascending  stream  of  gas,  and  the  mixture  burns  above 
the  gauze  with  a  very  hot  smokeless  flame,  the  metallic 
meshes  preventing  the  flame  from  passing  down  to  the  gas 
below. 

The  luminosity  of  a  flame  is  materially  aff'ected  by  the  pressure  of  the 


103.— Bunsen's 
burner. 


Pig.  104.-Gauze 
burner. 
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itmosphere  in  which  it  bums,  a  diminution  of  pressure  causing  a  loss  of 
illiuuiiiating  power.  If  the  light  of  a  given  ilame  burning  in  the  air  when 
the  barometer  stands  at  30  inches  be  represented  by  100,  each  diminution 
of  one  inch  in  the  height  of  the  barometer  will  reduce  the  luminosity 
l)y  five  ;  and  conversely,  when  the  barometer  rises  one  inch,  the  lumino- 
sity Avill  be  increased  by  five.  This  is  not  due  to  any  difference  in  the 
rate  of  burning,  wlrich  remains  pretty  constant,  but  to  the  more  complete 
interpenetration  of  the  rarefied  air  and  the  gases  composing  the  flame, 
giving  rise  to  the  separation  of  a  smaller  quantity  of  incandescent  carbon. 
In  air  at  a  pressm-e  of  120  inches  of  mercury,  the  flame  of  alcohol  is 
higlily  luminous,  the  high  density  of  the  air  discouraging  the  intermixture 
of  the  flame-gases  with  it,  and  thus  allowing  the  separation  of  a  portion 
of  carbon. 

In  considering  the  influence  exerted  by  the  composition  of  the  fuel 
upon  the  character  of  its  flame,  it  wUl  be  necessary  to  bear  in  mind  that 
some  kinds  of  fuel  consist  of  carbon  and  hydrogen  only,  whilst  others 
contain  a  considerable  proportion  of  oxygen. 

The  following  table  exhibits  the  composition  of  some  of  the  principal 
substances  concerned  in  producing  ordinary  illuminating  flames  : — 


Fuel. 

Formula. 

Carl)on. 

Hydrogen. 

Oxygen. 

Marsh-gas,  . 

30 

10 

Olefiant  gas, 

60 

10 

Paraffine, 

60 

10 

Turpentine,  . 

^20^16 

75 

10 

Benzole, 

120 

10 

Wax,  .... 

60 

10 

3-5 

Stearine, 

^114-Hllo'-^12 

•  62-1 

10 

8-7 

Oleine, 

*^1U-B^1040l2 

65-8 

10 

9-2 

Alcohol, 

40 

10 

27 

Wood  naphtha, 

30 

10 

40 

It  may  be  stated  generally  that  when  the  number  of  equivalents  of 
carbon  is  less  than  that  of  hydrogen,  the  flame  wiU  be  free  from  smoke, 
as  in  the  case  of  marsh-gas.  When  there  are  as  many  equivalents  of 
carbon  as  of  hydrogen,  as  in  olefiant  gas  and  paraffine,  the  flame  is  very 
liable  to  smoke,  uidess  managed  with  great  judgment.  Those  hydi-o- 
carbons  which  contain,  like  turpentine  and  benzole,  a  larger  number  of 
equivalents  of  carbon  than  of  hydrogen,  always  bum  with  much  smoke, 
and  require  special  contrivance  to  render  them  applicable  for  illuminating 
purposes.  Thus,  camphine  (turpentine)  must  be  burnt  in  lamps  with  tall 
narrow  chimneys  of  peculiar  construction  to  afford  a  strong  current  of  air. 
Benzole  (coal-naphtha)  vapour  must  be  mixed  with  air  if  it  is  required  to 
bum  with  a  smokeless  flame. 

If  a  piece  of  cotton  wool,  moistened  with  benzoic,  bo  placed  in  a  flask  provided 
with  two  tubes  (fig.  1051,  it  will  bo  found,  on  gently  warming  the  flask  by  dipping 
it  into  hot  water,  and  blowing  through  one  of  the  tubes,  that  tho  mixtiu'o  of  benzole 
vapour  and  air  issuing  from  the  other  tube  will  burn  with  a  smokeless  bright 
flame. 

*  This  is  the  composition  of  myricine,  which  forms  the  greater  part  of  bees'  wax. 
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THE  BLOWPIPE  FLAME. 


Pig.  105. 


If  coal-gas,  whicli  is  essentially  a  mixture  of  hydrogen,  marsh-gas,  and 
olefiant  gas,  and  generally  contains  rather  too  much  hydrogen  in  propor- 
tion to  its  carbon,  be  enriched  with  carbon  by  pass- 
ing over  benzole  (hght  coal  naphtha),  it  bums  with 
a  far  more  luminous  flame  {naplitlialised  gas). 

"When  the  fuel  contaias  oxygen,  the  carbon  may 
exist  in  larger  proportion  to  the  hydrogen  -without 
giving  rise  to  the  production  of  smoke,  siace  this 
oxygen  will  dispose  of  a  portion  of  the  carbon 
during  the  combustion.  Thus,  wax  is  much  less 
liable  to  smoke  than  parafiine,  although  containing 
the  same  proportions  of  carbon  and  hydrogen, 
whilst  stearine  (the  chief  part  of  tallow)  and  oleine 
(forming  the  bulk  of  oUs)  may  be  burnt  in  ordi- 
nary candles  and  lamps,  although  stdl  richer  in 
carbon,  because  they  contain  more  oxygen  also. 
Alcohol  yields  a  flame  of  no  Ulumiuating  value,  although  it  contains 
more  carbon  in  proportion  to  its  hydrogen  than  is  present  in  marsh-gas, 
because  its  oxygen  helps  to  consume  the  carbon  during  the  combustion, 
and  prevents  it  from  separating  in  the  incandescent  state.  By  adding 
about  one-tenth  of  its  bulk  of  benzole  or  turpentine,  however,  alcohol 
may  be  made  to  burn  with  a  brilliant  flame. 

75.  The  hlowpipe  flame. — The  principles  already  laid  down  will 
render  the  structure  of  the  blowpipe  flame  easily  intelligible.  It  must 
be  remembered  that  in  using  the  blowpipe,  the  stream  of  aii-  is  not  pro- 
pelled from  the  lungs  of  the  operator  (where  a  great  part  of  its  oxygen 
woidd  have  been  consumed),  but  simply  from  the  mouth,  by  the  action 
of  the  muscles  of  the  cheeks.  The  first  apparent  effect  upon  the  flame 
is  entirely  to  destroy  its  luminosity,  the  free  supply  of  air  effecting  the 
immediate  combustion  of  the  carbon.  The  size  of  the  flame,  moreover,  is 
much  diminished,  and  the  combustion  being  concentrated  into  a  smaller 
space,  the  temperature  must  be  much  higher  at  any  given  point  of  the 
flame.  In  structure,  the  blowpipe  flame  is  similar  to  the  ordinary  flame, 
consisting  of  three  distinct  cones,  the  innermost  of  which  (A,  fig.  106)  is 

fdled  with  the  cool  mixture  of  air 
and  combustible  gas.  The  second 
cone,  especially  at  its  point  (E),  is 
termed  the  reducing  flame,  for  the 
supply  of  oxygen  at  that  part  is  not 
sufficient  to  convert  the  carbon  into 
carbonic  acid,  but  leaves  it  as  car- 
bonic oxide,  which  speedily  reduces 
almost  all  metallic  oxides  placed  in 
that  part  of  the  flame  to  the  metallic 


Fig.  106.— Blowpipe  iiame. 


state.  The  outermost  cone  (0)  is  called  the  oxidising  flame,  for  there  the 
supply  of  oxygen  from  the  surrounding  air  is  unlimited,  and  any  substance 
prone  to  combine  with  oxygen  at  a  high  temperature  is  oxidised  when 
exposed  to  the  action  of  that  portion  of  the  flame ;  the  hottest  point  of 
the  blowpipe  flame,  where  neither  fuel  nor  oxygen  is  in  excess,  appears 
to  be  a  very  little  in  advance  of  the  extremity  of  the  second  (reducing) 
cone.  Ihe  difference  in  the  operation  of  the  two  flames  is  readily  shown 
by  placing  a  little  red  lead  (oxide  of  lead)  in  a  shallow  cavity  scooped 
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Fig.' 107. — Eeduction  of  metals  on  cliarcoal. 


upon  the  surface  of  a  piece  of  charcoal  (fig.  107),  and  directing  the  flames 
upon  it  in  succession ;  the  inner  flame  will  reduce  a  globule  of  metallic 
lead,  which  may  he  re- 
converted into  oxide  by- 
exposing  it  to  the  outer 
flame.*  The  immense 
service  rendered  by  this 
instrument  to  the  che- 
mist and  mineralogist  is 
weU  known. 

By  forcing  a  stream 
of  oxygen  thi'ough  a 
flame  from  a  gas-holder  or  bag,  an  intensely  hot  blowpipe  flame  is 
obtained,  in  which  pipe-clay  and  platinum  may  be  melted,  and  iron  burns 
•with  great  brilhancy  (see  fig.  48). 

.  76.  Determincttion  of  the  composition  of  gases  containing  carbon  and 
hydrogen. — In  order  to  ascertain  the  proportions  of  carbon  and  hydrogen 
present  in  a  gas,  a  measured  volume  of  the  gas  is  mixed  with  an  excess  of 
oxygen,  the  volume  of  the  mixture  carefully  noted,  and  explosion  deter- 
mined by  passing  the  electric  spark  ;  the  gas  remaining  after  the  explosion 
is  measured  and  shaken  with  potash,  which  absorbs  the  carbonic  acid, 
from  the  volume  of  which  the  proportion  of  carbon  may  be  calculated. 
For  example, 

mixed  with 
oxygen,  and  exploded,  left 
gas ;  shaken  with  potash 
oxygen. 


it  left 


0-  4 

1-  0 
0-6 
0-2 


cubic  inch  of  marsh- gas, 


Showing  that  0*4  cubic  inch  of  carbonic  acid  had  been  produced.  This 
quantity  of  carbonic  acid  would  contain  0*4  cubic  inch  of  (imaginary) 
carbon  vapour,  and  0'4  cubic  inch  of  oxygen.  Deducting  this  last  from 
the  total  amount  of  oxygen  consumed  (0'8  cubic  inch),  we  have  0'4 
cubic  inch  for  the  volume  of  oxygen  consumed  by  the  hydrogen.  Now, 
0-4  cubic  inch  of  oxygen  would  combine  with  O'S  cubic  inch  of 
hydrogen,  which  represents  therefore  the  amount  of  hydrogen  in  the  marsh- 
gas  employed.    It  has  thus  been  ascertained  that 

4  volumes  of  marsh-gas  contain 
4  voliunes  of  (hypothetical)  carbon  vapour,  and 
8  volumes  of  hydrogen. 


For  the  purpose  of  illustration,  the  analysis  of  marsh- 
gas  may  he  effected  in  a  Ure's  eudiometer  (fig.  108),  hut 
a  considerable  excess  of  oxygen  should  be  added  to 
moderate  the  explosion.  The  eudiometer  having  been 
filled  with  water,  0-1  cubic  inch  of  marsh-gas  is  intro- 
duced into  it,  as  described  at  p.  34,  and  having  been 
transferred  to  the  closed  limb  and  accurately  measured 
after  equalising  the  level  of  the  water,  the  open  limb  is 
again  filled  up  with  water,  the  eudiometer  inverted  in 
the  trough,  and  1-2  cubic  inch  of  oxygen  added ;  this  is  also  transferred  to  the  closed 


Fig.  108. 
Siphon  eudiometer. 


*  By  directing  the  reducing  flame  upon  the  metallic  oxide  in  the  cavity,  and  allowing 
the  oxidising  flame  to  sweep  over  the  surface  of  the  charcoal,  as  shown  in  the  figure  a 
yellow  incrustation  of  oxide  of  lead  is  formed  upon  tlie  surface  of  the  charcoal  which 
afl'ords  additional  evidence  of  the  nature  of  the  metal.  ' 
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limb  and  carefully  measured.  The  electric  spark  is  tlien  passed  through  the  mixture 
(see  p.  34),  the  open  limb  being  closed  by  the  thumb.  The  level  of  the  water  in 
both  limbs  is  then  equalised,  and  the  volume  of  gas  measured.  The  open  limb  is 
then  filled  up  with  a  strong  solution  of  potash,  and  closed  by  the  thumb,  so  that 
the  gas  may  be  transferred  from  the  closed  to  the  open  limb  and  back,  until  its 
volume  is  no  longer  diminished  by  the  absorption  of  carbonic  acid.  The  volume 
of  residual  oxygen  having  been  measured,  the  calculation  is  effected  as  above 
described . 

The  results  are  more  exact  when  the  eudiometer  is  filled  with  mercury  instead  of 
water. 

The  following  table  exhibits  the  composition  by  volume  of  acetylene, 
marsh-gas,  and  olefiant  gas  (8  parts  by  weight  of  oxygen  being  considered 
to  occupy  one  volume)  : — 


Eqt.  Weight. 

Eqt.  Volume. 

Carbon  Vapour. 

Hydrogen. 

Acetylene,  C^H^ 

26 

4  vols. 

8  vols.  ? 

4  vols. 

Marsh-gas,  C^H^ 

16 

4  „ 

4    „  ? 

8  „ 

Olefiant  gas,  C^H^ 

28 

4  „ 

8    „  1 

8  „ 

Coal-Gas. 

77.  The  manufactrae  of  coal-gas  is  one  of  the  most  important  appli- 
cations of  the  principle  of  destructive  distillation,  and  a£brds  an  ex- 
cellent example  of  the  tendency  of  this  process  to  develope  new  arrange- 
ments of  the  elements  of  a  compound  body.  The  action  of  heat  upon 
coal,  in  a  vessel  from  wliich  air  is  excluded,  gives  rise  to  the  production 
of  a  very  large  number  of  compounds  containing  some  two  or  more  of 
the  five  elements  of  the  coal,  in  different  proportions,  or  in  different 
forms  of  arrangement.  Although  no  clue  has  yet  been  obtained  to  indi- 
cate the  true  arrangement  of  these  elements  ui  the  original  coal  (or, 
as  it  is  termed,  the  constitution  of  the  coal),  it  is  certain  that  these 
various  compounds  do  not  exist  iu  it  before  the  application  of  heat,  but 
are  really  the  results  of  its  action,  that  they  are  indeed  products  and 
not  educts. 

The  most  important  forms  assumed  by  the  carbon  and  hydrogen  when 
coal  is  strongly  heated,  are, — 


{Hydrogen. 
Marsh-gas,  _ 
Olefiant  gas,  O4H 
Acetylene, 
Oil-gus, 


T  •  -J  f  Benzole,  C.,,H 
Liquids  I  T^j^^l^^'^l^^jj 


Solids 


■  Naphthaline,  C2uH^. 
I  Anthracene 
I  Parafflne,  C 
,  Coke,     .  G 


H... 


The  nitrogen  of  the  coal  reappears  in  the  forms  of- 


Gases     { Nitrogen. 

(  Ammonia, . 

{Aniline, 
Quinolino, 
Hydrocyanic  acid, 


NH. 
C^HN 


Alkaline. 
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I'lie  oxygen  contributes  to  the  production  of- 
Gases 


(  Carbonic  oxido,  CO 
I  Carbonic  Acid,  COj 


|- Water,  .  HO 
Liquids  <  Acetic  acid,  C^H^O^ 
[  Carbolic  acid,  CijHgOg 


SulphuT  is  found  among  th.e  products  as, 

Sulphuretted  hydrogen  gas,     HS     |(yery^vdatile).  \  bisulphide  of  carbon,  CS^ 

The  illuminating  gas  obtained  from  coal  consists  essentially  of  free  hydro- 
gen, marsh-gas,  olefiant  gas,  and  carbonic  oxide,  with  small  quantities  of 
acetylene,  benzole  vapour,  and  some  other  substances. 

A  fair  general  idea  of  its  composition  is  given  by  the  following  table  : — 


Gas  from  Cannel  Goal 

Hydrogen,  

Marsh-gas,  

Carbonic  oxide,  .... 

Olefiant  gas,  

Carbonic  acid,  .... 

Oil-gas,  

Nitrogen,  

Sulphuretted  hydrogen,  . 

100-0 

The  only  constituents  which  contribute  directly  to  the  illuminating 
value  of  the  gas  are  the  marsh-gas,  olefiant  gas,  oU-gas  (acetylene,  and 
benzole  vapour). 

The  most  objectionable  constituent  is  the  sulphur  present  as  sulphur- 
etted hydrogen  and  bisulphide  of  carbon,  for  this  is  converted  by  com- 
bustion into  sulphuric  acid,  which  seriously  injures  pictures,  furniture, 
&c.  The  object  of  the  manufacturer  of  coal-gas  is  to  remove,  as  far  as 
possible,  everything  from  it,  except  the  constituents  mentioned  as  essential, 
and  at  the  same  time  to  obtain  as  large  a  volume  of  gas  from  a  given 
weight  of  coal  as  is  consistent  with  a  good  Uluminatiag  value. 

The  mode  of  purifying  the  gas,  and  the  general  arrangements  for  its 
manufacture,  wiU  be  described  in  a  later  part  of  the  work. 


46-6  volumes. 
34-9 

6-6 

4-0 

3-7 

2-4 

2-5 

0-8 


Fig.  109. — Destructive  distillation  of  coal. 


The  destructive  distillation  of  coal  may  be  exhibited  with  the  arrangement  repre- 
sented in  fig.  109.  The  solid  and  liquid  products  (tar,  ammoniacal  liquor,  &c.)  are 
condensed  in  the  globular  receiver  (A;.  The  first  bent  tube  contains,  in  one 
limb  (B),  a  piece  of  red  litmus  paper  to  detect  ammonia;  and  in  tlic  other  (C) 
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a  piece  of  paper  impregnated  with  acetate  of  lead,  which  will  be  blackened  by 

the  sulphuretted  hydrogen.  The  second  bent 
tube  (D)  contains  enough  lime-water  to  iill  the 
bend,  which  will  be  rendered  milky  by  the  car- 
bonic acid.  The  gas  is  collected  over  water,  in  the 
jar  E,  which  is  furnished  with  a  jet  from  which  the 
gas  may  be  burnt  when  forced  out  by  depressing 
the  jar  in  water. 

The  presence  of  acetylene  in  coal-gas  may  be 
'  shown  by  passing  the  gas  from  the  supply-pipe  (A, 
fig.  110),  first  through  a  bottle  (B)  containing  a  little 
ammonia,  then  through  a  bent  tube  (C),  with  enough 
water  to  fill  the  bend,  and  a  piece  of  bright  sheet 
copper  immersed  in  the  water  in  each  limb.  After 
a  short  time  the  bright  red  flakes  of  the  acetylide  of  copper  will  be  seen  in  the 
water. 


Fig.  110. 


SILICON. 

78.  In  many  of  its  chemical  relations  to  other  bodies  this  element  wUl 
be  found  to  bear  a  great  resemblance  to  carbon;  but  whilst  carbon  is 
remarkable  for  the  great  variety  of  compound  forms  ia  which  it  is  met 
with  in  nature,  sUicon  is  always  found  ia  combination  with  oxygen,  as 
silicic  acid,  or  silica  (SiOj),  either  alone  or  united  with  various  metallic 
oxides,  with  which  it  forms  silicates. 

Silica. — The  purest  natural  variety  of  silica  is  the  transparent  and 
colourless  variety  of  quartz  known  as  rock  crystal,  the  most  widely  difiFased 
ornament  of  the  mineral  world,  often  seen  crystallised  in  beautiful  six- 
sided  prisms,  terminated  by  six-sided  pyramids  (fig.  Ill),  which  are  always 

easily  distinguished  by 
their  great  hardness, 
scratching  glass  almost  as 
readily  as  the  diamond. 
Coloured  of  a  delicate 
purple,  probably  by  a 
little  organic  matter,  these 
Fig.  111.— Crystal  of  quartz.  crystals    are    known  as 

amethyst;  and  when  of  a 
brown  colour,  as  Cairngorm  stones  or  Scotch  pelUes.  Losing  its  trans- 
parency and  crystalline  structure,  we  meet  Tvith  silica  in  the  form  of  chal- 
cedony and  of  carnelian,  usually  coloured,  in  the  latter,  with  oxide  of  iron. 

Hardly  any  substance  has  so  great  a  share  in  the  lapidary's  art  as  silica, 
for  in  addition  to  the  above  instances  of  its  value  for  ornamental  purposes,  we 
find  it  constituting  agate,  cat's  eye,  omjx,  so  much  prized  for  cameos,  opal, 
and  some  other  precious  stones.   In  opal  the  silica  is  combined  with  water. 

Sand,  of  which  the  whiter  varieties  ai-e  nearly  pure  silica,  appears  to 
have  been  formed  by  the  disintegration  of  siliceous  rocks,  and  has  generally 
a  yellow  or  brown  colour,  due  to  the  presence  of  oxide  of  iron. 
_  The  resistance  oficred  by  silica  to  all  impressions  has  become  proverbial 
m  the  case  of  flint,  which  consists  essentially  of  that  substance  coloured 
with  some  impurity.  FHnts  are  generaHy  found  in  compact  masses,  distri- 
buted m  regular  beds  throughout  the  chalk  formation ;  their  hardness, 
wuicH  even  exceeds  that  of  quartz,  formerly  rendered  them  useful  for 
strucmg  sparks  with  steel,  by  detaching  small  particles  of  the  metal,  which 
are  so  Heated  by  the  percussion  as  to  continue  to  burn  (see  p.  10)  in  the 
air,  ana  to  inflame  tinder  or  gunpowder  upon  which  they  are  allowed  to  fall 


SILICA  EENDEEED  SOLUBLE. 


103 


The  part  taken  by  silica  in  natural  operations  appears  to  be  chiefly  a 
mechanical  one,  for  wliich  its  stability  under  ordinary  influences  peculiarly 
fits  it,  for  it  is  found  to  constitute  the  great  bulk  of  the  soil  which  serves 
as  a  support  and  food-reservoir  of  land-plants,  and  enters  largely  into  the 
composition  of  the  greater  number  of  roc^s. 

But  that  this  substance  is  not  altogether  excluded  from  any  share  in 
life  is  shown  by  its  presence  in  the  shining  outer  sheath  of  the  stems  of 
the  gi'asses  and  cereals,  particularly  in  the  hard  external  coating  of  the 
Dutch  rush  used  for  polishing ;  and  this  alone  would  lead  to  the  inference 
that  silica  could  not  be  absolutely  insoluble,  since  the  capillary  vessels  of 
plants  are  known  to  be  capable  of  absorbing  only  such  substances  as  are  in 
a  state  of  solution.  Many  natural  waters  also  present  us  with  silica  in  a 
dissolved  state,  and  often  in  considerable  quantity,  as,  for  example,  in  the 
Geysers  of  Iceland,  which  deposit  a  coating  of  sOica  upon  the  earth  around 
their  borders. 

Pure  water,  however,  has  no  solvent  action  upon  the  natural  varieties 
of  sOica.  The  action  of  an  alkali  is  required  to  bring  it  into  a  soluble 
form. 

To  effect  this  upon  the  small  scale,  a  few  crystals  of  common  washing- 
soda  (carbonate  of  soda)  may  be  powdered  and  dried;  a  little  of  the  dried 
powder  is  placed  upon  a  piece  of  platinum  foil  slightly  bent  up  (fig.  112), 


Fig.  112. — Fusion  on  platinum  foiL 


and  is  fused  by  directing  the  flame  of  a  blowpipe  upon  the  under  side  of 
the  foil.  As  soon  as  the  carbonate  of  soda  is  perfectly  liquefied,  a  small 
quantity  of  very  finely  powdered  white  sand  is  thrown  mto  it,  when  brisk 
effervescence  will  be  observed,  and  the  particles  of  sand  will  dissolve; 
fresh  portions  of  sand  may  now  be  added  as  long  as  they  produce  effer- 
vescence, which  is  due  to  the  escape  of  the  carbonic  acid,  and  since,  in 
general,  one  acid  can  only  be  displaced  by  another,  it  is  but  reasonable  to 
infer  that  the  sand  really  possesses  acid  properties,  and  hence  the  fitness 
of  its  chemical  name,  sUicic  acid. 

The  piece  of  platinum  foil  with  the  melted  mass  upon  it  may  now  be 
placed  in  a  little  warm  water,  and  allowed  to  soak  for  some  time,  when  it 
will  gradually  dissolve,  forming  a  solution  of  silicate  of  soda.  This  solu- 
tion will  be  found  decidedly  alkaline  to  test-papers ;  for  silicic  acid,  like 
carbonic,  is  too  feeble  an  acid  to  neutralise  entirely  the  alkaline  properties 
of  the  soda. 

If  a  portion  of  the  solution  of  silicate  of  soda  in  water  be  poured  into 
a  test-tube,  and  two  or  three  drops  of  hydrochloric  acid  added  to  it  with 
occasional  agitation,  effervescence  will  be  produced  by  the  expulsion  of 
any  carbonic  acid  still  remaining,  and  the  solution  will  be  converted  into 
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a  gelatinous  mass  by  the  separation  of  liydrated  silicic  acid.  But  if 
another  portion  of  the  solution  of  silicate  of  soda  be  poured  into  an  excess 
of  dilute  hydrocliloric  acid  (?'.e.,  into  enough  to  render  the  solution  dis- 
tinctly acid),  the  silicic  acid  -htII  remain  dissolved  in  the  water,  together 
with  the  chlorde  of  sodium  fornigd  by  the  action  of  the  hydrochloric  acid 
upon  the  soda. 

In  order  to  separate  the  chloride  of  sodium  from  the  silicic  acid,  the 
process  of  dialysis*  must  be  resorted  to. 

Dialysis  is  the  separation  of  dissolved  substances  from  each  other  by 
taking  advantage  of  the  different  rates  at  which  they  pass  through  moist 
diaphragms  or  septa. 

If  the  mixed  solution  of  chloride  of  sodium  and  silicic  acid  were  poured 
upon  an  ordinary  paper  filter,  it  would  pass  through  without  alteration ; 
but  if  parchment  paper  be  employed,  which  is  not  pervious  to  water, 
although  readily  moistened  by  it,  none  of  the  liquid  wiU  pass  through. 
If  the  cone  of  parchment  paper  be  supported  upon  a  vessel  filled  with 
distilled  water  (fig.  113),  so  that  the  water  may  be  in  contact  with  the 
outer  surface  of  the  cone,  the  hydrocliloric  acid  and  the  chloride  of  sodium 
will  pass  through  the  substance  of  the  parchment  paper,  and  the  water 
charged  with  them  may  be  seen  descending  in  dense  streams 
from  the  outside  of  the  cone.  After  a  few  hours,  especially 
if  the  water  be  changed  occasionally,  the  whole  of  the 
hydrochloric  acid  and  chloride  of  sodium  wiU  have  passed 
through,  and  a  pure  solution  of  silicic  acid  in  water  will 
remain  in  the  cone. 

This  solution  of  silicic  acid  is  very  feebly  acid  to  blue 
litmus  paper,  and  not  perceptibly  sour  to  the  taste.  It 
has  a  great  tendency  to  set  iato  a  jelly  in  consequence  of 
the  sudden  separation  of  hydrated  silicic  acid.  If  it  be 
slowly  evaporated  in  a  dish,  it  soon  solidifies ;  but,  by  con- 
ductiug  the  evaporation  iu  a  flask,  so  as  to  prevent  any 
drying  of  the  silicic  acid  at  the  edges  of  the  liquid,  it  may 
be  concentrated  until  it  contains  14  per  cent,  of  silicic  acid.  When  this 
solution  is  kept,  even  in  a  stoppered  or  corked  bottle,  it  sets  iuto  a  trans- 
parent gelatinous  mass,  which  gradually  shrinks  and  separates  from  the 
water.  When  evaporated,  in  vacuo,  over  sulphuric  acid,  it  gives  a  trans- 
parent lustrous  glass  which  is  composed  of  22  per  cent,  of  water  and  78  per 
cent  of  silicic  acid  (H0.Si02). 

This  hydrate  of  silica  cannot  be  redissolved  in  water,  and  is  only  soluble 
to  a  slight  extent  in  hydrochloric  acid.  If  it  be  heated  to  expel  the  water, 
the  anhydrous  silicic  acid  which  remains  is  insoluble  both  in  water  and  in 
hydrochloric  acid,  but  is  dissolved  when  boiled  with  solution  of  potash  or 
soda,  or  their  carbonates. 

Silicic  acid  in  the  naturally  crystallised  form,  as  rock  crj^stal  and  quartz, 
is  insoluble  in  boiling  solutions  of  the  alkalies,  and  in  all  acids  except 
hydrofluoric ;  but  amorphous  silica  (such  as  that  found  at  Famham)  is 
readily  dissolved  by  boiling  alkalies.  These  represent,  in  fiict,  two  dis- 
tmct  modifications  of  silica.  A  transparent  piece  of  rock  crystal  may  be 
heated  to  bright  redness  without  change,  but  if  it  be  powdered  previously 
to  bemg  heated,  its  specific  gravity  is  diminished  from  2-6  to  2-4,  and  it 
becomes  soluble  in  boiling  alkalies,  having  been  converted  into  the  amor- 
phous modification. 

*  Prom  SuiKvu),  to  part  asunder. 


Fig.  113. 
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Crystals  of  quartz  have  been  obtained  artificially  by  the  prolonged 
action  of  water  upon  glass  at  a  high  temperature  under  pressme.  When 
fused  with  the  oxyhydrogen  blowpipe,  silica  does  not  crystallise,  being 
thus  converted  into  the  amorphous  variety  of  sp.  gr.  2  'S. 

To  prepare  tlie  amorphous  modification  of  silica  artificially,  white  sand  in  very 
fine  powder  may  be  fused,  in  a  platinum  crucible,  with  six  times  its  weight  of  a  mix- 
hire  of  equal  weights  of  carbonate  of  potash  and  carbonate  of  soda,  the  mixture  being 
more  easily  fusible  than  either  of  the  carbonates  separately.  The  crucible  may  be 
heated  over  a  gas-burner  supplied  with  a  mixture  of  gas  and  air,  or  may  be  placed  in 
a  little  calcined  magnesia  contained  in  a  fire-clay  crucible,  which  may  be  covered  up 
and  introduced  into  a  good  fire.  The  platinum  crucible  is  never  heated  in  direct 
contact  with  fuel,  since  the  metal  would  become  brittle  by  combining  with  carbon, 
silicon,  and  sulphur  derived  from  the  fuel.  The  magnesia  is  used  to  protect  the  pla- 
tinum from  contact  with  the  clay  crucible.  When  the  action  of  the  silicic  acid  upon 
the  alkaline  carbonates  is  completed,  which  will  be  indicated  by  the  cessation  of  the 
effervescence,  the  platinum  crucible  is  allowed  to  cool,  placed  in  an  evaporating  dish, 
and  soaked  for  a  night  in  water,  when  the  mass  should  be 
entirely  dissolved.  Hydrochloric  acid  is  then  added  to 
the  solution,  with  occasional  stirring,  until  it  is  distinctly 
acid  to  litmus  paper.  On  evaporating  the  solution,  it  will, 
at  a  certain  point,  solidify  to  a  gelatinous  mass  of  hydrated 
silicic  acid,  which  would  be  spirted  out  of  the  dish  if 
evaporation  over  the  flame  were  continued.  To  prevent 
this,  the  dish  is  placed  over  an  empty  iron  saucepan  (fig. 
114),  so  that  the  heat  from  the  flame  may  be  equally 
distributed  over  the  bottom  of  the  dish.  "When  the  mass 
is  quite  dry  the  dish  is  allowed  to  cool,  and  some  water 
is  poured  into  it,  which  dissolves  the  chlorides  of  potas- 
sium and  sodium  (formed  by  the  action  of  the  hydro- 
chloric acid  upon  the  silicates  of  potash  and  soda),  and 
leaves  the  silicic  acid  in  white  flakes.  These  may  be 
collected  upon  a  filter  (fig.  115),  and  washed  several  times  with  distilled  water. 
The  filter  is  then  carefully  spread  out  upon  a  hot  iron  plate,  or  upon  a  hot  brick,  and 
allowed  to  dry,  when  the  silicic  acid  is 
left  as  a  dazzling  white  powder,  which 
must  be  strongly  heated  in  a  porcelain 
or  platinum  crucible  to  expel  the  last 
traces  of  water.  It  is  remarkable  for 
its  extreme  lightness,  especially  when 
heated,  the  slightest  current  of  air  easily 
blowing  it  away. 

79.  For  effecting  such  fusions  as  that 
just  described,  an  air-gas  blow-pipe  (A, 
fig.  116)  supplied  with  air  from  a  double 
action  bellows  (B),workedby  a  treadle  (C), 
will  be  found  most  convenient.  Where 
gas  is  not  at  hand,  the  fusion  may  be 
effected  in  a  small  furnace  (fig.  117)  sus^ 
mounted  with  a  conical  chimney,  and  fed 
with  charcoal. 

80.  Silicates. — The  acid  proper- 
ties of  silicic  acid  are  so  focble  that 
it  is  a  matter  of  great  difficulty  to 
determine  the  proportion  of  any 
base  which  is  required  to  unite  with 
it  in  order  to  form  a  chemically 
neutral  salt.  Like  carbonic  acid,  it  does  not  destroy  the  action  of  the  alkalies 
upon  test-papers,  and  we  are,  therefore,  deprived  of  this  method  of  ascer- 
tauiing  the  proportion  of  alkali  which  neutralises  it  in  a  cliemical  sense.  In 


Fig.  114. 


Fig.  115.— Washing  a  precipitate. 
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attempting  to  ascertain  the  quantity  of  alkali  witli  wliicli  it  combines 
from  that  of  the  carbonic  acid  which  it  expels  when  heated  with  an 
alkaline  carbonate,  it  is  found  that  the  proportion  of  carbonic  acid  ex- 
pelled varies  considerably,  according  to  the  temperature  and  the  proportion 
of  alkaline  carbonate  employed,  probably  because  the  attractions  of  silicic 
and  carbonic  acids  for  the  alkahne  bases  are  pretty  evenly  balanced. 

By  heating  silicic  acid  with  hydrate  of  soda  (Na.0 .  HO),  it  is  foxmd  that 
30  parts  of  silicic  acid  expel  18  parts  of  water,  however  much  hydrate  of 
soda  is  employed,  and  the  same  proportion  of  water  is  expelled  from 
hydrate  of  baryta  (BaO .  HO)  when  heated  with  sUicic  acid. 

According  to  the  table  at  page  2,  the  formula  SiOj  represents  30  parts 
by  weight  of  silicic  acid,  and  18  parts  represent  two  equivalents  of  water 
which  were  combined  in  the  hydrates  with  two  equivalents  of  soda  and 
baryta  respectively.  Hence  it  would  appear  that  one  equivalent  of  silicic 
acid  is  disposed  to  combine  with  two  equivalents  of  an  alkah,  and  since  it 
is  found  that  several  of  the  crystallised  mineral  silicates  contain  two 
equivalents  of  a  basic  protoxide  (MO)  combined  with  one  equivalent  of 
siUcic  acid,  it  is  usual  to  represent  it  as  a  hibasic  acid,  that  is,  an  acid 
requiring  two  equivalents  of  an  alkali  to  form  a  chemically  neutral  salt. 
The  circumstance  that  silicic  acid  is  not  capable  of  being  converted  into 

vapour  at  a  high  temperature, 
enables  it  to  expel  from  their 
combinations  with  bases  many 
other  acids  which,  at  ordinary 
temperatures,  are  able  to  displace 
sUicic  acid.  Thus,  sulphuric  acid 
has  a  far  more  powerful  attrac- 
tion for  bases  than  sUicic  acid,  at 
the  ordinary  temperature,  but 
when  a  mixture  of  silicic  acid 
with  a  sulphate  is  strongly  heated, 
the  tendency  of  the  sulphuric  acid 
to  assume  the  vaporous  state  at 
this  temperature  determines  the 
decomposition  of  the  sulphate 
and  the  formation  of  a  silicate. 

The  sUicates  form  by  far  the 
greatest  number  of  minerals.  The 

„.  ..  .  different  varieties  of  clay  consist 

iig.  116. — Air-gas  blowpipe  table.  ^  -i-    j.         i  • 

^        ^  ^  01  siucate  oi  alumina ;  feldspar  is 

a  silicate  of  alumina  and  potash  ;  meerschaum  is  a  silicate  of  magnesia. 

The  different  kinds  of  glass  are  composed  of  sUicates  of  potash,  soda, 
lime,  oxide  of  lead,  &c. 

None  but  the  sUicates  of  the  alkalies  are  soluble  in  water. 

81.  Silicon  or  Silicium. — From  the  remarkably  unchangeable  character 
of  sUica,  it  is  not  surprising  that  it  was  long  regarded  as  an  elementary 
substance.  In  1813,  however,  Davy  succeeded  in  decomposing  it  by  the 
action  of  potassium,  and  in  obtaining  an  impure  specimen  of  silicon.  It 
has  since  been  produced,  far  more  easily,  by  converting  the  sUicic  acid 
into  sUico-fluoride  of  potassium  (KF .  SiF^),  and  decomposing  this  at  a 
high  temperature  with  potassium  or  sodium,  which  combines  with  the 
liuorine  to  form  a  salt  capable  of  being  dissolved  out  by  water,  leaving 
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Fiff.  117. — Charcoal  furnace. 


the  silicon  ia  the  form  of  a  brown  powder  (amorphous  silicon)  which 
resists  the  action  of  all  acids,  except  hydrofluoric,  wliicli  it  decomposes^ 
i'ormrag  fluoride  of  silicon  and  evolviag  hydrogen  (Si+  2HF  =  SiF^-i-  1X2). 
Lt  is  also  dissolved  by  solution  of  hydrate  of 
potash,  with  evolution  of  hydi'ogen,  and  for- 
mation of  silicate  of  potash.  It  burns  bril- 
liantly when  heated  in  oxygen,  but  not  com- 
pletely, for  it  becomes  coated  with  silica 
which  is  fused  by  the  intense  heat  of  the 
combustion.  When  heated  with  the  blow- 
pipe on  platiaum  foU,  it  eats  a  hole  through, 
the  metal,  with  which  it  forms  the  fusible 
sUicide  of  platinum. 

If  silico-fluoride  of  potassium  bo  fused  with, 
aluminum,  a  portion  of  the  latter  combines  ' 
with  the  fluorine,  and  the  remainder  com- 
bines with  the  silicon,  forming  a  silicide  of 
aluminum.  By  boiling  this  with  hydro- 
chloric and  hydrofluoric  acids  in  succession, 
the  aluminum  is  extracted,  and  crystalline  scales  of  silicon,  with  a  me- 
taUic  lustre  resembling  black  lead,  are  left  {grapldtoid  silicon).  In  this 
form  the  silicon  has  a  specific  gravity  of  about  2 '5,  and  refuses  to  burn 
in  oxygen,  or  to  dissolve  in  hydrofluoric  acid.  A  mixture  of  nitric  and 
hydrofluoric  acids,  however,  is  capable  of  dissolving  it.  Like  graphite, 
this  variety  of  silicon  conducts  electricity,  though  amorphous  silicon  is  a 
non-conductor.  The  amorphous  silicon  becomes  converted  into  this  in- 
combustible and  insoluble  form  under  the  action  of  intense  heat.  It  is 
worthy  of  remark  that  the  combustibility  of  amorphous  carbon  (charcoal) 
is  also  very  much  diminished  by  exposure  to  a  high  temperature. 

Unlike  carbon,  however,  silicon  is  capable  of  being  fused  at  a  tempera- 
ture somewhat  above  the  melting  point  of  cast  iron ;  on  cooling  it  forms 
a  brilliant  metallic-looking  mass,  which  may  be  obtained,  by  certain  pro- 
cesses, crystaUised  in  octahedra  so  hard  as  to  scratch  glass  like  a  diamond. 

In  their  chemical  relations  to  other  substances  there  is  much  resem- 
blance between  silicon  and  carbon.  They  both  form  feeble  acids  -with 
oxygen,  which  correspond  in  composition.  Silicon,  however,  is  capable 
of  displacing  carbon  from  carbonic  acid,  for  if  carbonate  of  potash  be 
fused  with  silicon,  the  latter  is  dissolved,  forming  silicate  of  potash,  and 
carbon  is  separated.  Silicon  also  resembles  carbon  in  its  disposition  to 
unite  with  certain  metals  to  form  compoimds  which  still  retain  their 
metalHc  appearance.  Thus  silicon  is  found  together  with  carbon  in  cast 
iron,  and  it  unites  directly  with  aluminum,  zinc,  and  platinum,  to  form 
compounds  resembling  metallic  alloys.  Nitrogen  enters  into  direct  imion 
with  silicon  at  a  high  temperature,  though  it  refuses  to  unite  with  carbon 
except  in  the  presence  of  alkalies.  In  their  relation  to  hydrogen,  these 
two  elements  are  widely  difl"erent,  for  silicon  is  only  known  to  form  one 
compound  with  hydrogen,  and  that  of  a  veiy  unstable  character. 

The  hydride  of  silicon  has  never  yet  been  obtained  in  a  perfectly  pure 
state,  but  its  composition  is  believed  to  correspond  with  the  formula  Sill , 
It  derives  its  interest  chiefly  from  the  property  of  taking  fire  spontaneously 
in  contact  with  the  air,  in  which  it  burns  with  a  brilliant  white  flame 
giving  ofl"  clouds  of  silica,  and  depositing  a  brown  film  of  silicon  upon  a 
cold  surface. 
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Tlie  impure  liydride  of  silicon  is  prepared  by  decomposing  silicide  of  magnesium 
with  dilute  hydrochloric  acid.  Tlio  silicide  of  magnesium  is  obtained  by  fusing 
chloride  of  magnesium  (MgCl)  with  silico-fluoride  of  sodium  (NaF  .  SiF^)  and 
metallic  sodium,  when  the  latter  combines  with  the  chlorine  and  fluorine,  leaving 
the  magnesium  free  to  unite  with  the  silicon. 

The  chloride  of  magnesium  may  be  prepared  by  dissolving  ordinary  carbonate  of 
magnesia  in  hydrochloric  acid,  adding  three  parts  of  chloride  of  ammonium  for  each 
part  of  carbonate  of  magnesia,  evaporating  to  dryness  in  a  porcelain  dish,  fusing  the 
residue,  and  pouring  it  out  on  to  a  clean  stone.  Being  very  deliquescent  it  must  be 
kept  in  a  well-closed  bottle. 

Silico-fluoride  of  sodium  is  made  by  neutralising  hydro-fluosilicic  acid  with  car- 
bonate of  soda,  and  evaporating  to  dryness. 

To  increase  the  fusibility  of  the  mixture,  some  fused  common  salt  will  be  re- 
quired. Dried  salt  may  be  melted  in  a  fire-clay  crucible,  at  a  bright  red  heat,  and 
poured  out  upon  a  clean  dry  stone. 

Forty  parts  of  the  chloride  of  magnesium,  35  of  silico-fluoride  of  sodium,  10  of 
fused  chloride  of  sodium,  and  20  of  sodium  in  slices,  are  rapidly  weighed-  shaken 
together  in  a  dry  bottle,  and  thrown  into  a  red-hot  clay  crucible,  which  is  then 
covered  and  heated  as  long  as  the  yellow  flame  of  sodium  vapour  is  perceptible. 
After  cooling,  the  crucible  is  broken,  when  a  dark-coloured  layer  of  silicide  of  mag- 
nesium will  be  found  beneath  a  white  layer  of  chloride  and  fluoride  of  sodium.  The  sili- 
cide of  magnesium  must  be  rapidly  detached,  and  i^reserved  in  a  well-stopped  bottle. 

The  silicide  of  magnesium  is  coarsely  powdered,  and  introduced  into  a  Woulfe's 
bottle  (fig.  118),  provided  with  a  funnel  tube,  and  a  short  wide  tube  for  delivering 

the  gas.  The  bottle  is  fiUed  up  with  water  (previously 
boiled  to  expel  air,  and  allowed  to  cool),  and  placed  in 
the  pneumatic  trough  (containing  boiled  water),  so 
that  both  bottle  and  tubes  may  remain  filled  with 
water.  A  gas-jar,  filled  with  boiled  water,  having 
been  placed  over  the  delivery-tube,  some  strong  hydro- 
chloric acid  is  added  through  the  funnel,  great  care 
being  taken  that  no  air  shall  enter.  The  hydride  of 
silicon  is  at  once  evolved,  and  must  be  allowed  to 
stand  over  water  for  some  little  time,  to  allow  the 
froth,  caused  by  a  slight  separation  of  silica,  to  sub- 
side. The  gas  may  then  be  transferred  to  a  capped 
jar,  with  a  stop-cock,  from  which  it  may  be  allowed  to 
pass  into  the  air  for  the  examination  of  its  flame. 

When  cast  iron,  containing  silicon,  is  boiled  with 
hydrochloric  acid  until  the  whole  of  the  iron  is  dis- 
solved, a  grey  frothy  residue  is  left.  If  this  be  collected  on  a  filter,  well  washed 
and  dried,  it  is  found  to  consist  of  black  scales  of  graphite,  mixed  with  a  very  light 
white  powder.  On  boiling  it  with  potash,  hydrogen  is  evolved,  and  the  white 
powder  dissolves,  forming  a  solution  containing  silicate  of  potash.  This  white 
powder  appears  to  be  identical  with  a  substance  obtained  by  other  processes,  and 
called  Imconef^  which  is  believed  to  have  the  composition  Si^HjOj,  and  has  been 
regarded  as  a  hydrate  of  protoxide  of  silicon,  3SiO  .  2H0.  Its  action  upon  solution 
of  potash  would  be  explained  by  the  equation 

SijHjOs  -H  HO  -f-  6K0  =  3(2KO  .  SiO^)  -J-  H3. 

Leucone  is  slowly  converted  into  silicic  acid,  even  by  the  action  of  water,  hydro- 
gen being  disengaged. 

Another  compound,  containing  silicon,  hydrogen,  and  oxygen,  has  been  named 
silicone.  It  is  a  yellow  substance,  the  general  characters  of  which  resemble  those  of 
the  compound  last  described.  When  exposed,  under  water,  to  the  action  of  sun- 
light, hydrogen  is  evolved,  and  the  yellow  body  becomes  converted  into  leucone. 

Comhiyiing  toeigJit  of  silicon. — The  experiments  of  Berzelius  proved  that 
8  parts  by  weight  of  oxygen  combine  with  7 '4  parts  of  sUicon  to  form 
silicic  acid.  If  it  be  assumed  that  the  composition  of  silicic  acid  is  analo- 
gous to  that  of  carbonic  acid  (COj),  the  combining  weight  of  sOicon  (or 

*  AeuKos,  white. 
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(he  weight  combining  with  02=16  parts  of  oxygen)  would  be  14-8. 
More  exact  experiments  have  recently  fixed  the  number  at  14. 

Some  chemists  represent  silicic  acid  as  SiOj,  when  the  combining 
weight  of  silicon  (or  the  weight  combining  with  0.,  24  parts  of  oxygen) 
would  be  22-2  {7-4  x  3),  or  by  the  more  exact  experiments,  21. 

The  atomic  iveight  of  silicon  is  generally  represented  by  the  number 
28,  though  here,  as  in  the  case  of  carbon,  theoretical  considerations  are 
relied  upon,  since  the  specific  gxavity  of  vapour  of  silicon  cannot  be  ascer- 
tained by  experiment. 

The  atomic  formula  of  silicic  acid  wordd  then  be  SiO^,  representing  28 
parts  of  silicon,  combined  with  32  parts  of  oxygen,  forming  60  parts  of 
silicic  acid. 


BOEOE". 

82.  Closely  allied  to  silicon  is  another  element,  boron,  which  has  at 
present  never  been  found  in  animal  or  vegetable  bodies,  but  appears  to 
be  entirely  confined  to  the  mineral  kingdom. 

Boradc  add. — A  saline  substance  called  horax  (ISTaO  .  2BO3+  lOAq.), 
has  long  been  used  in  medicine,  in  working  metals,  and  in  making  imita- 
tions of  precious  stones ;  this  substance  was  originally  imported  from 
India  and  Thibet,  where  it  was  obtained  in  crystals  from  the  waters  of  cer- 
tain lakes,  and  came  into  this  country  under  the  native  designation  of 
tincal,  consisting  of  impure  borax,  surrounded  with  a  peculiar  soapy  sub- 
stance, wliich  the  refiner  of  borax  makes  it  his  business  to  remove. 

In  1702,  in  the  course  of  one  of  those  tentative  experiments  to  which, 
though  empirical  ia  their  nature,  scientific  chemistry  is  now  so  deeply 
indebted,  Homberg  happened  to  distil  a  mixture  of  borax  and  green 
vitriol  (sulphate  of  iron),  when  he  obtained  a  new  substance  in  pearly 
plates,  which  was  found  useful  in  medicine,  and  received  the  name  of 
sedative  salt.  A  quarter  of  a  century  later,  Lemery  found  that  this  sub- 
stance might  be  separated  from  borax  by  employing  sulphuric  acid  instead 
of  sulphate  of  iron ;  but  another  quarter  of  a  century  elapsed  before  it 
was  shown  that  in  borax  these  pearly  crystalline  scales  were  combined 
with  soda,  and  were  possessed  of  acid  properties  which,  entitle  them  to 
receive  the  name  boradc  add. 

Much  more  recently  this  acid  has  been  obtained  in  a  free  state  from 
natural  sources,  and  is  now  largely  imported  into  this  country  from  the 
volcanic  districts  in  the  north  of  Italy,  where  it  issues  from  the  earth  in 
the  form  of  vapour,  accompanied  by  violent  jets  of  steam,  which  are 
known  in  the  neighbourhood  as  soffioni.  It  would  appear  easy  enough, 
by  adopting  arrangements  for  the  condensation  of  this  steam,  to  obtain 
the  boracic  acid  which  accompanies  it,  but  it  is  found  necessary  to  cause 
the  steam  to  deposit  its  boracic  acid  by  passing  it  through  water,  for 
which  purpose  basins  of  brickwork  {/agunes,  fig.  119)  are  built  iip  aroimd 
the  sofiioni,  and  are  kept  filled  with  water  from  tlie  neighbouring  springs 
or  brooks ;  this  water  is  allowed  to  flow  successively  into  the  different 
laguncs,  which  are  built  upon  a  declivity  for  that  purpose,  and  it  thus 
becomes  impregnated  with  about  1  per  cent,  of  boracic  acid.  The  neces- 
sity for  expelling  a  large  proportion  of  this  water,  in  order  to  obtain  the 
boracic  acid  in  crystals,  formed  for  a  long  time,  a  great  obstacle  to  the 
success  of  this  branch  of  industry  in  a  country  where  fuel  i,s  \'ery  expen- 
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sive.  In  1817,  however,  Larderello  conceived  the  project  of  evaporatui" 
this  water  by  the  steam-heat  afforded  by  the  soffioni  themselves,  and 
several  hundred  tons  of  boracic  acid  are  now  annually  produced  in  this 
manner.  The  evaporation  is  conducted  in  shallow  leaden  evaporating 
pans  (A,  fig.  119),  under  which  the  steam  from  the  soffioni  is  conducted 
through  the  flues  (F)  constructed  for  that  purpose.  As  the  demand  for 
boracic  acid  increased  on  account  of  the  immense  consumption  of  borax 
in  the  porcelain  manufacture,  the  experiment  was  made,  with  success,  of 
boring  into  the  volcanic  strata,  and  thus  producing  artificial  soffioni,  yield- 
ing boracic  acid. 

The  crystals  of  boracic  acid,  as  imported  from  these  sources,  contain 
salts  of  ammonia  and  other  impurities.  They  dissolve  in  about  tliree 
times  then-  weight  of  boiling  water,  and  crystalHse  out  on  cooHng,  since 
they  requii-e  26  parts  of  cold  water  to  dissolve  them.  These  crystals  are 
represented  by  the  formula  3HO.BO3.  If  they  are  sharply  heated  in  a 
retort,  they  partly  distil  over  unchanged,  together  with  the  water  derived 
from  the  decomposition  of  another  part ;  but  if  they  be  heated  to  212°  T. 
only,  they  effloresce,  and  become  converted  into  HO.BO3.  When  this 
is  further  heated,  the  whole  of  the  water  passes  off',  carrying  with  it  a 
little  boracic  acid,  and  the  acid  fuses  to  a  glass,  which  remains  perfectly 


Fig.  119. — Boracic  lagune  and  evaporating  pans. 


transparent  on  cooling  (vitreous  ioracic  acid).  This  anhydi-ous  boracic 
acid  is  slowly  volatilised  by  the  continued  action  of  a  very  high  tempera- 
ture.   It  dissolves  very  slowly  in  water. 

A  characteristic  property  of  boracic  acid  is  that  of  imparting  a  green 
colour  to  flames.  Its  presence  may  thus  be  detected  in  the  steam  issuing 
from  a  boiling  solution  of  boracic  acid  in  water,  for  if  a  spirit-lamp  flame, 
or  a  piece  of  burning  paper,  be  held  in  the  steam,  the  flame  will  acquire 
a  green  tint,  especially  at  the  edges; 

The  colour  is  more  distinctly  seen  when  the  crystallised  boracic  acid  is  heated  on 
platinum  foil  in  a  spirit-flame  or  an  air-gas  flame  ;  and  still  better  when  the  crystals 
are  dissolved  in  boiling  alcohol,  and  the  solution  burnt  on  a  plate.  The  presence  of 
Doracic  acid  in  borax  may  be  ascertained  by  mixing  the  solution  of  borax  with  strong 
sulphuric  acid  to  liberate  the  boracic  acid,  and  adding  enough  alcohol  to  make  the 
mixture  burn.  Anotlier  peculiar  property  of  boracic  acid  is  its  action  upon  turmeric. 
It  a  piece  of  turmeric  paper  be  dipped  in  solution  of  boracic  acid,  and  dried  at  a 
gentle  heat,  it  assumes  a  fine  brown-red  colour,  which  is  changed  to  green  or  blue 
ijy  potash  or  its  carbonate.  In  applying  this  test  to  borax,  tlie  solution  is  slightly 
aciclUied  witii  hydrochloric  acid,  to  set  free  the  boracic  acid,  before  dipping  the  paper. 
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Borates. — Boracic  acid,  Ul^e  sUicic,  must  be  classed  among  the  feeble 
acids.  It  colours  litmus  violet  only,  lilce  carbonic  acid,  and  does  not 
neutralise  the  action  of  the  alkalies  upon  test-papers.  At  high  tempera- 
tm-es  fused  boracic  acid  dissolves  the  metallic  oxides  to  form  transparent 
glassy  borates,  which  have,  in  many  cases,  very  brilliant  colours,  and  upon 
this  property  depend  the  chief  uses  of  boracic  acid  in  the  arts. 

Unlike  the  silicates,  the  borates  are  comparatively  rare  in  the  mineral 
world.  No  very  familiar  mineral  substance  contains  boracic  acid.  A 
double  borate  of  soda  and  lime,  called  horo-natrocalcite,  is  imported  from 
Peru  for  the  manufactiu-e  of  borax ;  and  the  mineral  known  as  boracite  is 
a  borate  of  magnesia. 

In  determining  the  proportion  of  base  which  boracic  acid  requires  to 
form  with  it  a  chemically  neutral  salt,  the  same  difficulties  are  met  with 
as  in  the  case  of  silicic  acid  (p.  105);  but  since  it  is  found  that  35  parts  of 
boracic  acid  (the  weight  represented  by  BOg)  displace  27  parts  of  water 
(three  equivalents)  from  hydrate  of  soda  and  from  hydrate  of  baryta,  both 
employed  in  excess,  it  would  appear  that  the  boracic  acid  requires  three 
equivalents  of  a  basic  protoxide  (MO)  fully  to  satisfy  its  acid  character, 
so  that  it  is  a  tribasic  acid,  a  conclusion  which  is  supported  by  other 
evidence; 

83.  Boron. — It  was  in  the  year  1808  that  Gay-Lussac  and  Th^nard 
succeeded,  by  fusing  anhydi'ous  boracic  acid  with  potassium,  in  extracting 
from  it  the  element  boron  as  an  olive-green  powder  {amorplwus  boron), 
which  has  a  general  resemblance  to  silicon,  but,  unlike  that  element,  may 
be  oxidised  by  nitric  acid.  It  also  requires  a  higher  temperatru'e  to  fuse 
it  than  is  required  by  silicon.  The  graplvitoid  boron,  corresponding  to  the 
black-lead  variety  of  carbon,  is  obtained  in  brilliant  copper-coloured  scales 
by  a  process  similar  to  that  which  furnishes  the  graphitoid  silicon. 

The  most  remarkable  form  of  boron  is  the  crystallised  variety  or  diamond 
of  boron,  which  is  obtained  by  very  strongly  heating  amorphous  boron 
with  aluminum,  and  afterwards  extracting  the  aluminum  from  the  mass 
with  hydrochloric  acid.  These  crystals  are  brilliant  transparent  octahedra, 
which  are  sometimes  nearly  colourless,  and  resemble  the  diamond  in  their 
power  of  refracting  light,  and  in  their  hardness,  which  is  so  great  that 
they  will  scratch  rubies,  and  will  even  wear  away  the  surface  of  the 
diamond.*  This  form  of  boron  cannot  be  attacked  by  any  acid,  but  is 
dissolved  by  fused  hydrates  of  the  alkalies.  The  flame  of  the  oxyhydrogen 
blowpipe  does  not  fuse  it,  and  it  only  undergoes  superficial  conversion 
into  boracic  acid  when  heated  to  whiteness  in  oxygen.  When  heated  to 
redness  in  chlorine,  however,  it  burns,  forming  chloride  of  boron.  Boron 
closely  resembles  sOicon  in  its  chemical  relations  to  the  other  elements. 
It  is  not  known,  however,  to  form  a  compound  with  hydrogen,  and  has  a 
greater  disposition  to  combine  with  nitrogen  than  is  manifested  by  silicon. 
It  absorbs  nitrogen  readily  when  heated  to  redness,  forming  a  white 
infusible  insoluble  powder,  the  nitride  of  boron  (BN). 

Combinincj  weight  of  boron. — According  to  the  experiments  of  Davy, 
8  parts  by  weight  of  oxygen  combine  with  3-76  parts  of  boron  to  form 
boracic  acid.    Berzclius  found,  in  borax,  that  ono  equivalent  of  soda  (31 
parts)  was  combmed  with  69-5  parts  of  boracic  acid.    This  would  contain 
according  to  Davy,  47-3  parts  of  oxygen,  and  if  it  be  taken  to  represent 

•  The  auUior  has  known  thom  to  cut  througli  the  bottom  of  the  beaki>r-ela.ss  used  in 
separating  them  from  the  aluminum.  ° 
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one  equivalent  of  boracic  acid,  that  of  boron  would  be  (69-5 -47-3  =  ) 
22-2,  and  the  formula  of  boracic  acid  would  be  BO^  (representing  22*2 
parts  of  boron  and  48  parts  of  oxygen).  There  are  reasons,  however,  for 
believing  that  borax  really  contains  two  equivalents  of  boracic  acid,  com- 
bined with  one  equivalent  of  soda,  so  that  the  equivalent  of  boron  would 
be  the  half  of  22-2,  or  11 -1  (by  more  exact  experiments,  11),  and 
boracic  acid  would  be  BO3  (1 1  parts  of  boron  with  24  parts  of  oxj^gen).  j 
The  same  number  is  generally  taken  for  the  atomic  weight  of  boron,  the  j 
atomic  formula  of  boracic  anhydride  being  written  B^Oj,  and  that  of  the 
crystallised  acid  HB^g  •  H2^- 

84.  The  elements  carbon,  boron,  and  silicon  form  a  natural  group,  pos- 
sessing many  properties  in  common.  They  are  aU  capable  of  existing  in 
the  amorphous,  the  graphitoid,  and  the  crystalline  forms ;  all  incapable  of 
being  converted  into  vapour ;  all  exhibit  a  want  of  disposition  to  dissolve ; 
all  form  feeble  acids  with  oxygen  by  dii-ect  union ;  and  all  unite  vnth 
several  of  the  metals  to  form  compounds  which  resemble  each  other. 
Boron  and  silicon  are  capable  of  direct  union  with  nitrogen,  and  so  is 
carbon  if  an  alkali  be  present.  Eecent  researches  attribute  to  silicon 
the  power  of  occupying  the  place  of  carbon  in  some  organic  compounds, 
and  the  formulte  of  leucone  and  sihcon  (SijHjOg  and  SigHgOJ  strongly 
remind  us  of  the  organic  compounds  of  carbon  with  hydrogen  and  ' 
oxygen.  In  many  of  its  physical  and  chemical  characters,  silicon  is  closely 
allied  with  the  metals,  and  it  will  be  found  that  tin  and  titanium  bear  a 
particular  resemblance  to  it  in  their  chemical  relations. 


OTTEOGEN. 

85.  This  element,  which  has  already  been  referred  to  as  forming  four- 
fifths  of  the  volume  of  air,  is  elsewhere  found  in  nature  in  the  forms  of  I 
saltpetre  or  nitrate  of  potash  (KO  .  NOg),  and  ChUi  saltpetre  or  nitrate  of 
soda  (NaO .  NOg).  It  also  occurs  as  ammonia  (NHg)  in  the  atmosphere 
and  in  the  gaseous  emanations  from  volcanoes.  It  is  contained  in  the 
greater  number  of  animal,  and  in  many  vegetable  substances,  and  therefore 
has  a  most  important  share  in  the  chemical  phenomena  of  life. 

Nitrogen  is  generally  obtained  by  burning  phosphorus  in  a  portion  of 
air  confined  over  water  (fig.  120.)    The  phosphorus  is  floated  on  the  water 

in  a  small  porcelain  dish,  Idndled,  and 
covered  with  a  bell-jar.  The  nitrogen 
remains  mixed  with  clouds  of  phosphoric 
acid  (POg),  which  may  be  removed  by 
allowing  the  gas  to  stand  over  water.  | 

When  nitrogen  is  required  in  larger 
quantity,  it  is  more  conveniently  prepared  | 
by  passing  air  fi'om  a  gas-holder  over 
metallic  copper  heated  to  redness  in  a  tube. 
The  negative  properties  of  tliis  gas,  how- 
ever, are  so  very  uninteresting,  and  render  1 
it  so  useless  for  most  cliemical  purposes,  that  r 
it  Avill  be  minecessary  to  give  further  de- 
tails respecting  its  pre^iaration.    The  re- 
larkable  chemical  inactivity  of  free  nitrogen  lias  been  alluded  to  in  the 
rticle  on  atmosplieric  air.    It  has  been  seen,  however,  to  be  capable  of 


Pig.  120.— Preparation  of  nitrogen. 
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.  ombiuing  directly  with  boron  and  silicon,  and  magnesium  and  titanium 
luiite  with  it  even  more  readily  at  a  high  temiaerature.  It  is  copspicuous 
among  the  elements  for  forming,  Avith  hydrogen,  a  powerful  alkah  (am- 
monia, NH3),  and  -with  oxygon  a  powerful  acid  (nitric  acid,  ISTOJ,  wliilst 
the  feeble  chemictd  ties  which  hold  it  in  combination  with  other  elements, 
joined  to  its  character  of  a  permanent  gas,  render  many  of  its  compounds 
very  unstable  and  explosive,  as  is  the  case  with  the  so-called  chloride 
and  iodide  of  nitrogen,  gun-cotton,  the  fulminates  of  silver  and  mercury, 
nitroglycerine,  &c. 

The  discovery  of  nitrogen  was  made  by  Eutherford  (Professor  of  Botany 
in  the  University  of  Edinburgh)  in  1772,  who  was  led  to  it  by  the  obser- 
vation, that  respired  aii-  was  still  unfit  to  support  life  when  all  the  carbonic 
acid  had  been  absorbed  from  it  by  a  caiistic  alkali.  Hence  the  name  azote 
(a  priv.  and       life)  formerly  bestowed  upon  this  gas. 


Ammonia. 

86.  The  proportion  of  ammonia  existing  in  atmospheric  air  is  so  small 
that  it  is  difficult  to  determine  it  with  precision ;  it  appears,  however,  not 
to  exceed  one-hundredth  of  a  grain  in  a  cubic  foot.  This  scarcity  of 
ammonia  in  air  is  not  to  be  accounted  for  by  a  scantiness  in  the  supply, 
but  rather  by  an  excess  in  the  demand ;  since  ammonia  is  constantly  sent 
forth  into  the  air  by  the  putrefaction  of  animal  and  vegetable  substances 
containing  nitrogen.  Plants  do  not  appear  to  be  capable  of  absorbing 
from  the  atmosphere  the  nitrogen  which  it  contains  so  abundantly  in  the 
uncombined  form,  but  to  derive  their  chief  supply  of  that  element  from 
the  ammonia,  brought  down  by  rain  from  the  atmosphere,  into  which  it  is 
contiuually  introduced  fi'om  various  sources.  Duriug  the  life  of  an 
animal,  it  restores  to  the  air  the  nitrogen  wliich  formed  part  of  its  wasted 
organs,  iu  part  directly  as  ammonia  in  the  breath  and  ia  the  exhalation 
from  the  skin,*  whilst  another  portion  is  sejjarated  as  ui-ea  and  uric  acid 
in  the  urine,  to  be  eventually  converted  into  ammonia  when  the  excretion 
undergoes  putrefaction.  Dead  animal  and  vegetable  matter  when  putre- 
fying, restores  its  nitrogen  to  the  air,  chiefly  iu  the  forms  of  ammonia  and 
substances  closely  allied  to  it,  but  partly  also,  it  is  said,  in  the  free  state. 

The  liquor  ammonke,  or  solution  of  ammonia  m  water,  which  is  so  largely 
Tised  iu  medicine  and  the  arts,  is  obtained  chiefiy  from  the  ammoniacal 
liquor  resulting  from  the  destructive  distillation  of  coal  for  the  manufac- 
tiu-e  of  gas.  The  ammoniacal  liquor  of  the  gas-works  contains  ammonia 
in  combination  with  carbonic  and  hydrosulphuric  acids.  As  the  first  step 
towards  extracting  the  ammonia  in  a  pure  state,  the  liquor  is  neutralised 
with  hydrochloric  acid,  which  combines  with  the  ammonia,  expelling  the 
carbonic  and  hydrosulphuric  acid  gases.  Since  the  latter  has  a  very  bad 
smell  and  is  injurious  to  health,  the  neutralisation  is  generally  efl'ected 
in  covered  vats  furnished  -with  pipes,  which  convey  the  gases  into  a  fm-naco 
where  the  hydrosulphuric  acid  is  burnt,  forming  water  and  sulpliiu'ous 
acid.  The  solution  of  hydrocUorate  of  ammonia  is  evaporated  to  exj)el 
part  of  the  water,  and  allowed  to  cool  in  wooden  vessels  lined  with  lead 
where  the  hydroclilorate  is  deposited  m  crystals  which  contain  a  good 

•  Some  doubt  exists  as  to  the  cxlialiition  of  ainmoiiia  from  the  lungs  and  skin  of  man 
imder  normal  conditions. 
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deal  of  tarry  matter.  These  crystals  are  moderately  heated  in  an  iron  pan 
to  deprive  them  of  tar,  and  are  finally  purified  by  sublimation,  that  is,  by 
converting  them  into  vapour,  and  allowing  this  vapour  to  condense  again 
_  into  the  solid  form.    For  this  purpose  the  crys- 

tals are  heated  in  a  cylindrical  iron  vessel  covered 
with  an  iron  dome  lined  with  fire-clay.  The  hydro- 
chlorate  of  ammonia  rises  in  vapour  below  a  red 
heat,  and  condenses  upon  the  dome  in  the  form  of 
the  fibrous  cake  known  as  sal-ammoniac  in  com- 
merce. 

To  obtain  ammonia  from  this  salt,  an  ounce  of 
it  is  reduced  to  coarse  powder,  and  rapidly  mixed 
with  two  ounces  of  powdered  quick-lime.  The 
mixture  is  gently  heated  in  a  dry  Florence  flask 
(fig.  121),  and  the  gas,  being  Uttle  more  than  half 
as  heavy  as  air  (sp.  gr.  0-59),  may  be  collected 
in  dry  bottles  by  displacement  of  air,  the  bottles 
being  allowed  to  rest  upon  a  piece  of  tin  plate 
which  is  perforated  for  the  passage  of  the  tube. 
To  ascertain  when  the  bottles  axe  filled,  a  piece  of 
red  litmus  paper  may  be  held  at  some  httle  distance  above  the  mouth, 
when  it  will  at  once  acquire  a  blue  colour  if  the  ammonia  escapes.  The 
bottles  should  be  closed  with  greased  stoppers. 

The  action  of  the  lime  upon  hydrochlorate  of  ammonia  is  explained  by 
the  following  equation  : — 


Fig.  121. — Preparation  of 
ammonia. 


NH, .  HCl  + 


HO    +  WK^ 


CaO   =    CaCl  + 

Hydrochlor.  amm.  Lime.      Chloride  of  calcium.  Ammonia. 

The  readiest  method  of  obtaining  gaseous  ammonia  for  the  study  of  its  proper- 
ties consists  in  gently  heating  the  strongest  liquor  ammonice  in  a  retort  or  flask  pro- 
vided with  a  bent  tube  for  collecting  the  gas  by  displacement  (iig.  122).    The  gas 

is  evolved  from  the  solution  at  a  very 
low  heat,  and  may  be  collected  un- 
accompanied by  steam. 

Ammonia  is  readily  distin- 
guished by  its  very  characteristic 
smell,  and  its  powerful  alkaline 
action  upon  red  litmus  and  tur- 
meric papers.  It  is  absorbed  by 
water  in  greater  proportion  by 
volume  than  any  other  gas,  one 
volume  of  water  absorbing  more 
than  700  volumes  of  ammonia 
at  the  ordinary  temperature,  and 
becoming  one-and-a-haK  volumes 
of  solution  of  ammonia  of  specific^ 
gravity  0 '88.  iNo  chemical  com- 
bination appears  to  take  place  between  the  water  and  ammonia,  for  the 
gas  gradually  escapes  on  exposing  the  solution  to  the  air,  and  no  definite 
compound  of  the  two  has  been  noticed.  The  escape  of  the  gas  from 
the  solution  is  attended  with  great  production  of  cold,  much  heat  be- 
coming latent  in  the  conversion  of  the  ammonia  from  the  liquid  to  the 
gaseous  state. 

The  rapid  absorption  of  ammonia  by  water  is  well  shown  by  filling  a  globular 


Fig.  122. 
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Fig.  123. 


flask  (fig.  123)  with  tlie  gas,  placing  it  with  its  mouth  downwards  in  a  small  capsule 
of  mercury  which  is  placed  in  a  large  basin.  If 
this  basin  be  lilled  with  water,  it  cannot  come  into 
contact  with  the  ammonia  imtil  the  mouth  of  the 
flask  is  raised  out  of  the  mercury,  when  the  water 
wiU  quickly  enter  and  fill  the  flask.  The  water 
should  be  coloured  with  reddened  litmus  to  exhibit 
the  alkaline  reaction  of  the  ammonia. 

To  exhibit  the  easy  expulsion  of  the  ammoniacal 
gas  from  water  by  heat,  a  moderately  thick  glass 
tube,  about  12  inches  long  and  half  an  inch  in  dia- 
meter, may  be  nearly  filled  with  mercury,  and  then 
tilled  up  with  strong  solution  of  ammonia;  on  closing 
it  with  the  thumb  and  inverting  it  into  a  vessel  of 
mercury  (fig.  124)  the  solution  will,  of  course,  rise 
above  the  mercury  to  the  closed  end  of  the  tube.  By 
grasping  this  end  of  the  tube  in  the  hand,  a  con- 
siderable quantity  of  gas  may  be  expelled,  and  the  mercury  will  be  depressed.  If 
a  little  hot  water  be  poured  over  the  top  of  the  tube,  the  latter  will  become  filled 
with  ammoniacal  gas,  which  will  be  absorbed  again  by  the  water  when  the  tube  is 
allowed  to  cool,  the  mercury  re- 
turning to  fill  the  tube. 

The  solution  of  aromonia, 
wHch  is  an  article  of  com- 
merce, is  prepared  by  conduct- 
ing the  gas  into  water  con- 
tained m  a  two-necked  bottle, 
the  second  neck  being  con- 
nected with  a  tube  passing 
into  another  bottle  containing 
water,  in  which  any  escaping 
ammonia  may  be  condensed. 
The  strength  of  the  sokition  is 
inferred  from  its  specific  gra- 
vity, which  is  lower  in  propor- 
tion as  the  quantity  of  am- 
monia in  the  solution  is  greater. 

Thus,  at  57°  F.,  a  solution  of 
sp.  gr.  0-8844  contains  36  parts  by 

weight  of  ammonia  in  100  parts  Wig.  124. 

of  solution ;  the  sp.  gr.  0-8976  in- 
dicates 30  per  cent.;  0-9106,  25  per  cent.;  0-9251,  20  per  cent.;  0-9414,  15  per 
cent.;  0  9598,  10  per  cent.;  0-979,  5  per  cent.    The  specific  gravity  is  ascertained  by 
comparing  the  weights  of  equal  volumes  of  water  and  of  the 
solution  at  the  same  temperature.     For  this  purpose,  a  light 
stoppered  bottle  is  provided,  capable  of  containing  about  two 
fluid  ounces.    This  is  thoroughly  dried,  and  counterpoised  in 
a  balance  by  placing  in  the  opposite  pan  apiece  of  lead,  which 
may  bo  cut  down  to  the  proper  weight.    The  bottle  is  then  filled 
with  solution  of  ammonia,  the  temperature  observed  with  a  ther- 
mometer and  recorded,  the  stopper  inserted,  and  the  bottle  woigliod. 
It  is  then  well  rinsed  out,  filled  with  distilled  water,  the  tempera- 
ture equalised  with  that  of  the  ammonia  by  placing  the  bottle 
either  in  warm  or  cold  water,  and  the  weight  ascertained  as  before. 
The  specific  gravity  is  obtained  by  dividing  the  weiglit  of  the  solu- 
tion of  ammonia  by  that  of  the  water.    The  ammonia-meter  (fig. 
125)  is  a  convenient  instrument  for  rapidly  ascertaining  the  specific 
gravity  of  liquids  lighter  than  water.    It  consists  of  a  hollow  glass 
float  with  a  long  stem,  weighted  witli  a  bulb  containing  shot  or  mer-         Fig.  125. 
cury,8o  that  when  placed  in  distilled  water  it  may  sink  to  1000°  of  the 
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scale  marked  on  the  stem,  tins  number  representing  the  specific  gravity  of  water. 
When  placed  in  a  liquid  lighter  than  water,  it  must  of  course,  sink  lower  in  order 
to  displace  more  liquid  (since  solids  sink  until  they  have  displaced  their  own  weight 
of  liquid)  By  trying  it  in  liquids  of  known  specific  gravities,  the  mark  upon  the 
scale  to  which  it  sinks  may  he  made  to  indicate  the  specific  gravity  of  the  hquid. 
The  ammonia-meter  generally  has  a  scale  so  divided  that  it  indicates  at  once  the 
per-centage  weight  of  ammonia.  In  this  country  the  specific  gravity  of  a  liquid  is 
always  supposed  to  be  taken  at  62°  F. 

The  common  name  for  solution  of  ammonia,  spiiit  of  hart's  horn,  is 
derived  from  the  circumstance  that  it  was  originally  obtained  for  medi- 
cinal purposes  by  distilling  shavings  of  that  material. 

When  ammonia  is  exposed  to  a  temperatiue  of  -  40°  F.  (^.e.  72°  below 
the  freezing-point),  or  to  a  pressure  of  6|  atmospheres  at  50  ,  it  condenses 
to  a  clear  liquid,  wliich  solidifies  at  a  temperature  of  -  103°  F.  to  a  white  ■ 

crystalline  mass.  The  comparative  ease  I 
with  which  it  may  be  liquefied  has  led 
to  its  application  in  Carre's  freezing  :, 
apparatus  (fig.  126),  in  which  the  gas  -l 
generated  by  heating  a  concentrated  i 
solution  of  ammonia  in  a  strong  iron  .< 
boiler  (A)  is  liquefied  by  its  own  pres-  - 
sure  in  an  iron  receiver  (B)  placed  in  ' 
cold  water.    When  the  boiler  is  taken 
off  the  fire  and  cooled  in  water,  the  \ 
liquefied  ammonia  CA^aporates  very  ra-  : 
pidly  from  the  receiver  back  into  the 
boiler,  thereby  producing  so  much  cold 
that  a  vessel  of  water  placed  in  a  ca\dty . 
(C)  in  the  receiver  is  at  once  congealed 
into  ice.     A  refrigerator  constructed 
upon  this  principle  is  employed  in  the 
salt  gardens  of  the  south  of  France,  in  order  to  render  then-  crystaUising 
operations  independent  of  the  temperature  of  the  air. 

The  liquefaction  of  ammonia  is  very  easily  effected  by  heating  the  ammoniated  f 
chloride  of  silver  in  one  limb  of  a  sealed  tube,  the  other  limb  of  whicli  is  cooled  m  a 
freezing  mixture.    A  piece  of  stout  light  green  glass  tube  (A,  fig.  127),  about  12  ^ 

inches  long  and  half  an  inch  ini! 
diameter,  is  drawn  out  at  about  an  v 
inch  from  one  end  to  a  narrow  neck. ; 
About  300  grains  of  chloride  of  silver 
(dried  at  400°  F.)  are  introduced  into 
the  tube,  so  as  to  lie  loosely  in  it. 
For  this  purpose  a  gutter  of  stiff 
paper  (B)  should  bo  cut  so  as  to  shdo 
loosely  in  the  tube,  the  chloride  of 
silver  placed  upon  it,  and  when  it 
has  been  thrust  into  the  tube  (held 
liorizoutully)  the  latter  should  bo 
turned  upon  its  axis,  so  that  the  chlo- 
ride of  silver  may  fall  out  of  the 
paper,  which  may  then  be  withdrawn. 
The  tube  is  now  drawn  out  to  a  j 
narrow  neck  at  about  an  iueli  from 
the  other  end,  as  in  C,  and  after- 
wards carefully  bent,  as  in  D,  care 


Fig.  126.— Carre's  freezing  apparatus. 


Pig.  127. 


being  taken  that  none  of  tlio  chloride  of  silver  falls  into  the  short  limb  of  the  tube, 
wliich  should  bo  about  four  inches  long.  The  tube  is  tlicu  supported  by  a  holder, 
so  tliat  the  long  limb  may  be  horizontal,  and  is  connected,  by  a  tube  and  corlc 
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with  an  apparatus  delivering  dry  ammonia,  prepared  by  heating  1000  grains  of 
sal-ammoniac  with  an  equal  weight  of  quick-lime  in  a  flask,  and  passing  the  gas, 
lirst  into  an  empty  bottle  (A,  flg.  128)  standing  in  cold  water,  and  afterwards 
througli  a  bottle  (B)  filled  with  lumps  of  quick-lime  to  absorb  all  aqueous  vapour. 


Fig.  129. — Liquefaction  of  ammonin. 


Fig.  128. 

The  long  limb  of  the  tube  must  be  surrounded  with  filtering  paper,  which  is  kept 
wet  with  cold  water.  The  current  of  ammonia  should  be  continued  at  a  moderate 
rate,  until  the  tube  and  its  contents  no  longer  increase  in  weight,  which  will  occupy 
about  three  hours— about  35  grains  of  ammonia  being  absorbed.  The  longer  limb 
IS  sealed  by  the  blowpipe  flame  whilst  the  gas  is  still  passing,  and  then,  as  quickly 
as  possible,  the  shorter  limb,  keeping  that  part 
of  the  tube  which  is  occupied  by  the  ammoni- 
ated  chloride  of  silver  still  carefully  surrounded 
by  wet  paper. 

When  the  shorter  limb  of  this  tube  (fig.  129) 
is  cooled  in  a  mixture  of  ice  and  salt  (or  of  8 
ounces  of  sulphate  of  soda  and  4  measured  ounces 
of  common  hydrochloric  acid),  whilst  the  longer 
limb  is  gently  heated  from  end  to  end  by  waving 
a  spirit  flame  beneath  it,  the  ammonia  evolved 
by  the  heat  from  the  ammoniated  chloride  oi 
silver,  which  partly  fuses,  will  condense  into  a 
beautifully  clear  liquid  in  the  cold  limb.  When 
this  is  withdrawn  from  the  freezing  mixture,  and  the  tube  allowed  to  cool,  the 
liquid  ammonia  will  boil  and  gradually  disappear  entirely,  the  gas  being  again 
absorbed  by  the  chloride  of  silver,  so  that  the  tube  is  ready  to  be  used  again. 

Ammonia  is  feebly  combustible 
in  atmospheric  air,  as  may  be 
seen  by  holding  a  taper  just 
within  the  mouth  of  an  inverted 
bottle  of  the  gas,  which  bums 
vnth.  a  peculiar  livid  flickering 
light  around  the  flame,  but  will 
not  continue  to  burn  when  the 
flame  is  removed.  During  its 
combustion  the  hydrogen  is  con- 
verted into  water,  and  the  nitro- 
gen set  free.  In  oxygen,  how- 
ever, ammonia  bums  Avith  a  . 
continuous  flame. 

This  is  very  well  shown  by  sur-  ^'K-  130. 

founding  a  tube  delivering  a  stream 

of  ammonia  (obtained  by  heating  strong  solution  of  ammonia  in  a  retort)  with  -i 
much  wider  tube  open  at  both  ends  (fig.  130),  through  whicli  oxygen  is  passed  by 


118 


AMMONIUM  THEORY. 


holding  the  flexible  tube  from  a  gas-bag  or  gas-holder  underneath  it.    On  kindling  i 
the  stream  of  ammonia  it  will  give  a  steady  Hame  of  ten  or  twelve  inches  long. 
A  similar  experiment  may  be  made  with  a  smaller  supply  of  oxygen,  by  lowering  ; 

the  tube  delivering  ammonia  into  & 
bottle  or  jar  of  oxygen,  and  apply- 
ing a  light  to  it  just  as  it  enters  the 
mouth  of  the  jar  (fig.  131). 

The  elements  of  ammonia  are 
easily  separated  from  each  other 
by  passing  the  gas  through  a  red- 
hot  tube,  or  still  more  readily 
by  exposing  it  to  the  action  of  f 
the  high  temperature  of  the  elec- 
tric spark,  when  the  volume  of  f 
the  gas  rapidly  increases  imtil 
it  is  exactly  doubled,  one  volume 
of  ammonia  being  decomposed 


Fig.  131. 

into  ^  volume  of  nitrogen  and  |-  volumes  of  hydrogen 


For  this  experiment  a  measured  volume  of  ammonia  gas  is  confined  over  mercury 
(fig.  132),  in  a  tube  through  which  platinum  wires  are  sealed  for  the  passage  of  the 

spark  from  an  induction-coil.  The  volume  of  the  gas 
is  doubled  in  a  few  minutes,  and  if  the  tube  be  fur- 
nished with  a  stop-cock  (A),  the  presence  of  free  hydrogen 
may  be  shown  by  filling  the  open  limb  with  mercury  and 
kindling  the  gas  as  it  issues  from  the  jet.* 

As  might  be  expected  from  its  powerfully  alka- 
line character,  ammonia  exhibits  a  strong  attrac- 
tion for  acids,  which  it  neutralises  perfectly.    If  ' 
a  bottle  of  ammonia  gas,  closed  with  a  glass  plate, 
be  inverted  over  a  similar  bottle  of  hydrochloric 
acid  gas,  and  the  glass  plates  withdrawn  (hg.  133), 
the  gases  will  combine,  with  disengagement  of : 
much  heat,  forming  a  white  soUd,  the  hj^drochlorate  ' 
of  ammonia  (JSTHg .  HCl),  in  which  the  acid  and 
alkali  have  neutralised  each  other.     Again,  if 
ammonia  be  added  to  diluted  sulphuric  acid, 
the  latter  wUl  be  entirely  neutralised,  and  by 
evaporating  the  solution,  crystals  of  the  sul- 
phate  of  ammonia  (NH3 .  HO  .  SO3)  may  be  • 
obtained. 

The  substances  thus  produced  by  neutralising  ; 
the  acids  with  solution  of  ammonia  bear  a  strong  : 
resemblance  to  the  salts  formed  by  neutraUsing  the  same  acids  with  solu- 
tions of  potash  and  soda,  a  circumstance  which  would  encourage  the  ■ 
idea  that  the  solution  of  ammonia  must  contain  an  alkaline  oxide  similar 
to  potash  or  soda. 

Berzelius  was  the  first  to  make  an  experiment  which  appeared  strongly 
to  favour  this  view  (commonly  spoken  of  as  the  ammonimn  theory  of 
Berzelius).    The  negative  pole  of  a  galvanic  battery  Avas  placed  in  cob- 

*  The  eudiometer  for  passing  electric  sparks  in  rapid  succession  must  have  the  platinum 
wires  passed  throutrli  the  glass  as  show  in  fig.  132,  or  it  \vill  be  cracked  by  the  heat  of 
the  sparks.  The  outlet  tube  B,  closed  by  a  smaU  screw  clamp  C,  pinchiug  a  caoutchouc 
connector,  allows  the  mercury  to  be  drawn  off  when  necessary,  to  equalise  tlie  level  in  the 
two  limbs. 


Fig.  132. 
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tact  witli  mercury  at  the  bottom  of  a  vessel  containing  a  strong  solution  of 
ammonia,  in  which  the  positive  pole  of  the  battery  was  immersed.  Oxygen 
was  disengaged  at  this  pole,  whilst  the  mer- 
cury in  contact  with  the  negative  pole  swelled 
to  foui-  or  five  times  its  original  bulk,  and 
became  a  soft  solid  mass,  still  preserving, 
however,  its  metaUic  appearance.  So  far, 
the  result  of  the  experiment  resembles  that 
obtained  when  hydrate  of  potash  is  decom- 
posed under  similar  circumstances,  the  oxygen 
separating  at  the  positive  pole,  and  the  potas- 
siiun  at  the  negative,  where  it  combines  with 
the  mercury.  Beyond  this,  however,  the 
analogy  does  not  hold ;  for  in  the  latter  case 
the  metallic  potassium  can  be  readily  separ- 
ated from  the  mercury,  whilst  in  the  former,  all  attempts  to  isolate  the 
ammonium  have  failed,  for  the  soft  solid  mass  resolves  itself,  almost 
immediately  after  its  preparation,  into  mercury,  ammonia  (NHj),  and 
hydrogen,  one  equivalent  of  the  latter  being  separated  for  each  equivalent 
of  ammonia.  This  would  also  tend  to  support  the  conclusion,  that  a  sub- 
stance having  the  composition  JSTH,  -i-  H  or  NH^  had  united  with  the 
mercury ;  and  since  the  latter  is  not  known  to  unite  with  any  non-metallic 
substance  without  losing  its  metallic  appearance,  it  would  be  fan:  to  con- 
clude that  the  soft  solid  was  really  an  amalgam  of  ammonium.  How- 
ever, the  increase  in  the  weight  of  the  mercury  is  so  slight,  and  the 
"amalgam,"  whether  obtained  by  this  or  by  other  methods,  is  so  unstable, 
that  it  would  appear  safer  to  attribute  the  swelling  of  the  mercury  to  a 
physical  change  caused  by  the  presence  of  the  ammonia  and  hydrogen 
gases.  It  is  difficult  to  believe  that  the  solution  of  -  ammonia  does  really 
contain  an  oxide  of  ammonium  (NH^),  when  we  find  it  evolving 
ammonia  so  easily;  but  it  is  equally  difficult,  upon  any  other  hypo- 
thesis, to  explain  the  close  resemblance  between  the  salts  obtained  by 
neutraUsing  acids  with  this  solution,  and  those  furnished  by  potash  and 
soda. 

The  ordinary  mode  of  exhibiting  the  production  of  the  so-called  amalgam  of  ammo- 
nium consists  in  acting  upon  the  hydrochlorate  of  ammonia  (NH,  .  HCl),  or  chloride  of 
ammonium  (NHjCl),  with  the  amalgam  of  sodium.  A  little  pure  mercury  is  heated 
m  a  test-tube,  and  a  pellet  of  sodium  thrown  into  it,  when  combination  takes  place 
with  great  energy.  ^  When  the  amalgam  is  nearly  cool  it  may  be  poured  into  a 
larger  tube  containing  a  moderately  strong  solution  of  chloride  of  ammonium  ;  the 
amalgam  at  once  swells  to  many  times  its  former  bulk,  forming  a  soft,  solid  sub- 
stance lighter  than  water,  which  may  be  shaken  out  of  the  tube  as  a  cylindrical 
mass,  decomposing  rapidly  with  effervescence,  evohang  ammonia  and  hydrogen,  and 
soon  recovering  its  original  volume  and  liquid  condition. 

87.  Combining  wrAgJit  and  volume  of  ammonia. — It  is  found  by  experi- 
ment that  one  combining  weight  (36  "5  grains)  of  hydrochloric  acid  requires 
17  grains  of  ammonia  to  effect  complete  neutralisation  by  combining  with 
it  to  form  hydrochlorate  of  ammonia.  This  result  being  confli-med  by 
observations  upon  other  acids,  17  is  regarded  as  representing  the  combin- 
ing weight  (or  equivalent)  of  ammonia.  This  quantity  of  the  gas  occupies 
four  times  the  volume  of  8  parts  by  weight  (one  equivalent)  of  oxygen,  so 
that  if  this  gas  be  taken  as  the  unit  of  volume,  tlie  combining  volume  of 
ammonia  will  be  4.  Since  the  17  parts  by  weight  of  ammonia  occupy 
twice  the  volume  of  one  part  by  weight  (one  equivalent)  of  hydrogen  if 
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that  gas  be  taken  as  the  unit  of  volume,  the  combining  volume  of  ammonia 
■wUl  be  2. 

88.  Comlirdng  weight  and  volume  of  nitrogen— 11  grains  of  ammonia 
have  been  proved  to  contaui  14  grains  of  nitrogen  combined  with  3 
fyrains  of  hydrogen.  The  latter  gas  being  taken  as  the  unit  of  combia- 
Lg  weights,  the°3  graias  would  represent  3  combining  weights  of  hydro- 
gen, and  the  question  arises,  How  many  combining  weights  of  nitrogen 
are  'represented  by  the  14  grains  1  On  referring  to  the  composition  of 
ammonia  by  volume,  we  find  that  it  furnishes  three  volumes  of  hydrogen 
for  one  volume  of  nitrogen  when  decomposed  by  the  electric  spark 
(p.  118),  and  hence  it  seems  reasonable  to  conclude  that  it  contains 
one  combining  weight  of  nitrogen  (14)  and  three  combining  weights  of 
hydrogen  (3),  when  the  combining  volume  of  nitrogen  (or  the  volume 
occupied  by  its  combining  weight)  will  be  equal  to  that  of  hydrogen. 

It  wiU  also  be  seen  hereafter  that  the  hydrogen  in  ammonia  can  be 
replaced  by  other  bodies  in  thirds,  showing  that  there  must  be  three 
atoms  of  hydrogen  present,  wliilst  the  14  parts  of  nitrogen  cannot  be 
replaced  in  fractions,  so  that  it  must  represent  a  single  atom. 

The  composition  of  ammoida  by  weight  and  volume  is  exhibited  in  the 
following  table : — 


0  =  1  vol. 

H  =  1  voL 

Parts  by  -weight. 

Nitrogen     .    .  . 
Hydrogen    .    .  . 

Ammonia    .  . 

1  equivt. 
3  equivts. 

2  vols. 
6  vols. 

1  vol. 
3  vols. 

14 

3 

1  equivt. 

4  vols. 

2  vols. 

17 

It  will  be  seen  that  the  atomic  or  molecular  formula  of  ammonia,  based 
upon  the  assumption  that  one  volume  of  an  element  in  the  gaseous  state 
represents  one  atom,  coincides  with  its  equivalent  formula. 

89.  Determination  of  nitrogen  in  organic  substances. — An  exact 'know- 
ledge of  the  composition  of  ammonia  is  of  great  importance,  because  the 
general  method  of  ascertaining  the  proportion  of  nitrogen  present  in  animal 
and  vegetable  substances  consists  in  converting  that  element  into  ammonia, 
which,  being  collected  and  weighed,  furnishes  by  calculation  the  weight  of 
nitrogen  present. 

To  ascertain  the  proportion  of  nitrogen  present  in  an  organic  substance,  a  weighed 

quantity  of  it  is  mixed  with  a 

large  proportion  of  soda-lime  (a 

mixture  of  hydrate  of  soda  and 

hydrate  of  lime),  and  introduced 

into  a  tube  of  German  glass  (A, 

fig.  134)  to  which  is  attached,  by 

a  perforated  cork,  a  bulb  apparatus 

(B)  containing  hydrochloric  acid. 

On  heating  the  tube  inch  by  inch 

•c-    10I       i.-  r  with  a  charcoal  or  gas  furnace, 

Fig.  134.  -  Estnnatiou  of  mtrogen.  ^^.^^^^^^      ^^^^  lubstance  is 

evolved  in  combination  with  the  hydrogen  of  the  hydi'ates,  in  the  form  of  ammonia, 
which  is  absorbed  by  the  hydrochloric  acid  in  the  bulbs.  "When  the  whole  length 
of  the  tube  has  been  heated,  the  point  (C)  is  nipped  olf,  and  air  drawn  through  by 
applying  suction  to  the  orifico  (D)  of  the  bulb  apparatus,  so  that  all  the  ammonia 
may  be  carried  into  the  hydrochloric  acid.    Its  weight  is  then  ascertained,  either  by 
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evaporating  the  liquid  in  a  weighed  dish  placed  over  a  steam  bath,  and  weighing  the 
hvdrochlorate  of  ammonia,  or  moro  accurately  by  converting  it  into  the  double 
cfdoride  of  platinum  and  ammonium.  Sometimes  a  solution  of  sulphuric  acid  of 
kuown  strength  is  substituted  for  the  hydrochloric  acid  in  the  bulbs,  and  the 
weight  of  the  ammonia  is  ascertained  by  determining  the  quantity  of  acid  which 
has  been  neutralised.  _  .        t  i 

To  illustrate  the  change  which  takes  place  when  the  organic  substance  is  lieated 
with  the  hytb-ates  of  soda  and  lime,  let  it  be  supposed  that  urea  is  the  substance  sub- 
mitted to  analysis. 

CaH^NaOa  +  NaO.HO  +  CaO.HO  =  NaO.COa  +  CaCCOj  +  2NH3 
Urea. 

The  hydrate  of  soda  alone  would  produce  the  same  result,  but  would  corrode  the 
glass  too  rapidly. 

In  the  analysis  of  an  organic  sntstance  containing  carbon,  hydrogen, 
nitrogen,  and  oxygen,  the  proportions  of  carbon  and  hydrogen  having  been 
asctertaiaed  by  the  method  described  at  p.  73,  and  that  of  nitrogen  by  the 
process  given  above,  the  sum  of  the  carbon,  hydrogen,  and  nitrogen  is 
deducted  from  the  entire  weight  of  the  substance  to  obtain  the  proportion 
of  oxygen.  The  weights  thus  found  are  divided  by  the  combining  weights 
of  the  several  elements  to  obtaiu  the  empirical  formula,  which  is  converted 
tato  a  rational  formula  on  the  principle  illustrated  at  p.  75. 

For  example,  10  grs.  of  urea  were  found  to  contain  2  grs.  of  carbon,  0-66 
gr.  of  hydi-ogen,  and  4-67  grs.  of  nitrogen. 

10  grs.  of  urea  mimis  7-33  (carbon,  hydrogen,  and  nitrogen)  =  2-67  grs. 
of  oxygen. 

Dividing  each  of  these  numbers  by  the  combining  weight  of  the  ele- 
ment to  which  it  refers,  we  have, 

2-0    ^    G    =  0-33  of  a  combining  weight  of  carbon, 
0-66         1     =  0-66  „  „  hycbogen, 

4-67  -  14    =  0-33  „  „  nitrogen, 

2-67         8    =  0-33  „  „  oxygen, 

leading  to  the  empirical  formula  CggH^gNggOgg,  or  in  its  simplest  form, 
CHjNO,  for  urea.  But  urea  is  an  organic  base,  capable  of  imiting  with 
acids  to  form  salts,  and  it  is  found  that  to  neutralise  one  combnimg 
weight  (36-5  parts)  of  hydrochloric  acid,  60  parts  of  luea  are  necessary. 
This  quantity  would  contain  12  parts  (two  combining  weights)  of  carbon, 
4  parts  (four  combining  weights)  of  hycbogen,  28  parts  (two  combmiug 
weights)  of  nitrogen,  and  16  parts  (two  combining  weights)  of  oxygen,  so 
that  the  true  formula  for  urea  wordd  be  C^HJ^fi^- 

90.  Formation  of  ammonia  in  the  rusting  of  m-o?i.— Although  free 
nitrogen  and  hydrogen  cannot  be  made  to  form  ammonia  by  direct  com- 
bination, this  compound  is  produced  when  the  nitrogen  meets  with 
hydrogen  in  the  nascent  state;  that  is,  at  the  instant  of  its  liberation  from 
a  combined  form.  Thus,  if  a  few  iron  filings  be  shaken  with  a  little  water 
in  a  bottle  of  air,  so  that  they  may  cling  round  the  sides  of  the  bottle,  and 
a  piece  of  red  litmus  paper  be  suspended  between  tlio  stopper  and  the  neck, 
it  will  be  found  to  have  assumed  a  blue  colour  in  the  course  of  a  few  liours, 
and  ammonia  may  be  distinctly  detected  in  the  rust  wluch  is  produced. 
It  appears  that  the  water  is  decomposed  by  the  iron,  in  the  presence  of  the 
carbonic  acid  of  the  air  and  water,  and  that  tlie  hydrogen  liberated  enters 
at  once  into  combination  with  the  nitrogen,  held  in  solution  by  the  water, 
to  form  ammonia. 
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91.  Production,  of  nitrous  and  nitric  acids  from  ammonia. — If  a  few  drops 
of  a  strong  solution  of  ammonia  be  poured  into  a  pint  bottle,  and  ozonised 
air  (from  the  tube  for  ozonising  by  induction,  fig.  10)  be  passed  into  the 
bottle,  thick  wliite  clouds  will  speedily  be  formed,  consisting  of  nitrite  of 
ammonia,  the  nitrous  acid  having  been  produced  by  the  oxidation  of  the 
ammonia  at  the  expense  of  the  ozonised  oxygen — 


2NH,  +  0„  =  NH, 


HO.NO3  + 


2H0 


Nitrite  of  ammonia. 


If  copper  filings  be  shaken  with  solution  of  ammonia  in  a  bottle  of  air 
white  fumes  will  also  be  produced,  together  with  a  deep  blue  solution 
containing  oxide  of  copper  and  nitrite  of  ammonia; 
the  act  of  oxidation  of  the  copper  appearing  to  have 
induced  a  simultaneous  oxidation  of  the  ammonia. 

A  coil  of  thin  platinum  wire  made  round  a  pencil, 
if  heated  to  redness  at  the  lower  end  and  suspended 
in  a  flask  (fig.  135)  with  a  little  strong  ammonia  at. 
the  bottom,  wUl  continue  to  glow  for  a  great  length 
of  time,  in  consequence  of  the  combination  of  the 
ammonia  with  the  oxygen  of  the  air  taking  jjlace  at 
Fig.  135  .  ^'^^f^'^^'  attended  with  great  evolution  of  heat. 

Thick  white  clouds  of  nitrite  of  ammonia  are  formed, 
and  frequently  red  vapour  of  nitrous  acid  (NO3)  itself. 

1  ^  delivering  oxygen  gas  be  passed  down  to  the  bottom  of  the  flask  (fig. 
i.6b),  the  action  will  be  far  more  energetic,  the  heat  of  the  platinum  rising  to  white- 
-V  iiess,  when  an  explosion  of  the  mixture  of  ammonia  and 

oxygen  will  ensue.  After  the  explosion  the  action  will 
recommence,  so  that  the  explosion  will  repeat  itself  as  often 
as  may  be  wished.  It  is  unattended  with  danger  if  the 
mouth  of  the  flask  be  pretty  large.  By  regulating  the 
stream  of  oxygen,  the  bubbles  of  that  gas  may  be  made  to 
burn  as  they  pass  through  the  ammonia  at  the  bottom  of 
the  flask. 

In  the  presence  of  strong  bases,  and  of  porous 
materials  to  favour  oxidation,  ammonia  appears  to 
be  capable  of  suffering  further  oxidation  and  conver- 
sion  into  nitric  acid,  which  combines  with  the  base 


Fig.  136. 
to  form  a  nitrate,  thus 


NH3  +  CaO  +  0,  =  CaO.NO,  +  3H0 

Nitrate  of  lime. 

This^  formation  of  nitrates  from  ammonia  is  commonly  referred  to  as 
mtrification,  and  appears  to  play  an  important  part  in  the  formation  of 
the  natural  suppHes  of  saltpetre  which  are  of  so  great  importance  to  the 


Compounds  op  Nitrogen  and  Oxygen. 

e'lch^njT^^'^l^^  elements  in  their  pure  state  exhibit  no  attraction  for 

h'-ivfi  .compounds,  which  contain  them  in  difi-erent  proportions, 

uive  been  obtamed  by  indirect  processes.    The  relative  proportions  of 

contSra?uncCU''StraL?°"  ventilators  (seep.  69)  has  been  foimd  to 
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oxygen  in  these  compounds  are  exhibited  in  the  following  table,  where 
the  weight  of  nitrogen  present  is  supposed  to  remain  constant : — 


Oxides  of  Nitrogen. 


Name. 

Equivalent 
Formula. 

By  Weight 

N 

0 

Nitrous  oxide  .... 

NO 

14 

8 

Nitric  oxide  .... 

NO, 

14 

16 

Nitrous  acid  .... 

NO, 

14 

24 

Nitric  peroxide     .    .  . 

NO, 

14 

32 

Nitric  acid  

NO, 

14 

40 

When  a  succession  of  strong  electric  sparks  from  the  induction  coil  is 
passed  through  atmospheric  air  in  a  flask  (especially  if  the  air  be  mixed 
with  oxygen),  a  red  gas  is  formed  in  small  quantity,  which  is  either  nitrous 
acid  (NO3)  or  nitric  peroxide  (NO J. 

If  the  experiment  be  made  in  a  graduated  eudiometer  (fig.  137),  standing  over 
water  coloured  witli  blue  litmus,  the  latter  will  very  soon  he  reddened  by  the  acid 
formed,  and  the  air  will  be  found  to  diminish  very  considerably  in 
volume,  eventually  losing  its  power  of  supporting  combustion,  in 
consequence  of  the  removal  of  oxygen. 

When  hydrogen  gas,  mixed  with  a  small  quantity  of 
nitrogen,  is  burnt,  the  "water  collected  from  it  is  found  to 
have  an  acid  taste  and  reaction,  due  to  the  presence  of  a 
little  nitric  acid,  resulting  from  the  combiuation  of  the 
nitrogen  with  the  oxygen  of  the  air  under  the  influence  of 
the  intense  heat  of  the  hydrogen  flame. 

Since  all  the  compounds  of  nitrogen  and  oxygen  are  ob- 
tained, in  practice,  from  hydrated  nitric  acid  (HO  .  NOJ, 
the  chemical  history  of  that  substance  must  precede  that        Fig.  137. 
of  the  bodies  enumerated  in  the  above  table. 


Nitric  Aoid. 

93.  This  most  important  acid  is  obtained  from  saltpetre,  wliich  is  found 
as  an  incrustation  upon  the  sur- 
face of  the  soil  in  hot  and  dry 
climates,  as  in  some  parts  of 
India  and  Peru.  The  salt  im- 
ported into  this  country  from 
Bengal  and  Oude  consists  of 
nitrate  of  potash  (KO  .  NO,), 
whilst  the  Peruvian  or  ChUian 
saltpetre  is  nitrate  of  soda 
(NaO  .  NO5).    Either  of  these 

will  serve  for  the  preparation  Fig.  138. -Preparatiou  of  nitric  acid, 

of  nitric  acid. 

On  the  small  scale,  in  the  laboratory,  nitric  acid  is  prepared  by  distilling 
nitrate  of  potash  with  an  equal  weight  of  concentrated  sulphuric  acid.  " 
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la  order  to  make  the  experimout,  four  ounces  of  powdered  nitre,  thoroughly  dried, 
may  he  introduced  into  a  pint-stoppered  retort  (fig.  138),  and  two  and  a  half  mea- 
sured ounces  of  concentrated  sulphuric  acid  poured  upon  it.  As  soon  as  the  acid 
has  soaked  into  the  nitre,  a  gradually  increasing  heat  may  be  applied  by  means  of 
an  Argand  burner,  when  the  acid  will  distil  over.  It  must  be  preserved  in  a  stop- 
pered bottle. 

When  the  acid  has  ceased  distilling,  the  retort  should  be  allowed  to  cool,  and  filled 
with  water.  On  applying  a  moderate  heat  for  some  time,  the  saline  residue  will  be 
dissolved.  The  solution  may  then  be  poured  into  an  evaporating  dish,  and  evapor- 
ated down  to  a  small  bulk.  On  allowing  the  concentrated  solution  to  cool,  crystals 
of  bisulphate  of  potash  (KO  .  HO  .  2SO3)  are  deposited,  a  salt  which  is  very  useful  in 
many  metallurgic  and  analytical  operations. 

The  decomposition  of  nitrate  of  potash,  by  an  equal  weight  of  concen- 
trated sulphuric  acid  is  explained  by  the  equation — 


KO.NO,  +  2(HO.S03)  =  +  KO 

Nitrate  of  Hyclrated  Hydrated 

potash.  sulphuiic  acid.  nitric  acid. 


SO3,  HO .  SO3 

Bisvdpliate  of  potash. 


It  would  appear  at  fixst  sight  that  one-half  of  the  sulj)huric  acid  might 
be  dispensed  with,  but  it  is  found  that  when  one  equivalent  only  of  sul- 
phuric acid  is  employed,  so  high  a  temperature  is  required  to  elfect  the 
complete  decomposition  of  the  saltjDetre  (the  above  equation  then  repre- 
senttug  only  the  first  stage  of  the  action),  that  much  of  the  nitric  acid  is 
decomposed;  and  the  neutral  sulphate  of  potash  (KO .  SO3),  which  would 

be  the  final  result,  is  not 
nearly  so  easily  dissolved 
out  of  the  retort  by  water 
as  the  bisulphate. 

For  the  preparation  of 
large  quantities  of  nitric 
acid,  the  nitrate  of  soda 
is  substituted  for  nitrate 
of  potash,  being  much 
cheaper,  and  furnishing  a 
larger  proportion  of  nitric 
acid. 


Fig.  139. — Preparation  of  nitric  acid. 


The  nitrate  of  soda  is  intro- 
duced into  an  iron  cylinder 
(A,  fig.  139),  lined  with  fire- 
clay to  protect  it  from  the  ac- 
tion of  the  acid,  and  half  its 


weight  ot  sulphuric  acid  (oil  of  vitriol)  is  poured  upon  it.  Heat  is  then  apjilied  by 
a  furnace,  into  which  the  cylinders  are  built,  in  pairs,  when  the  hydrated  nitric  acid 
passes  off  in  vapour,  and  is  condensed  in  a  series  of  stoneware  bottles  (B)  surrounded 
with  cold  water. 


NaO .  NO5 
Nitrate  of 
soda. 


+     HO.SO3     =  NaO.SOo 


Oil  of  vitriol. 


Sulphate  ot 
soda. 


HO .  NO5 
ITydrated 
nitric  acid. 


The  sulphate  of  soda  left  in  the  retort  is  iiseful  in  the  manufacture  of  glass. 

In  the  preparation  of  nitric  acid,  it  will  be  observed  at  the  beginning 
and  towards  tlie  end  of  the  operation,  that  the  retort  becomes  filled  with  a 
red  vapour.  This  is  due  to  the  decomposition  of  a  portion  of  the  colour- 
less vapour  of  nitric  acid  by  heat  into  water,  oxygen,  and  nitric  peroxid 

HO.NOfi    =    HO         O    -f  NO, 
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tliis  last  forming  the  red  vapour,  a  portion  of  whicli  is  absorbed  by  the 
hydrated  nitric  acid,  and  gives  it  a  yellow  colour".  The  piu'o  nitric  acid 
is  colourless,  but  if  exposed  to  sunlight  it  becomes  yelloAv,  a  portion 
sufferuig  this  decomposition.  In  consequence  of  the  accumulation  of  the 
oxygen  in  the  irpper  part  of  the  bottle,  the  stopper  is  often  forced  out 
suddenly  when  the  bottle  is  opened,  and  care  must  be  taken  that  drops 
of  this  very  corrosive  acid  be  not  spirted  into  the  face. 

The  strongest  nitric  acid  (obtained  by  distilliug  perfectly  dry  nitre 
with  an  equal  weight  of  pure  oil  of  vitriol,  and  collecting  the  middle 
portion  of  the  acid  separately  from  the  first  and  last  portions,  wliich  are 
somewhat  weaker)  emits  very  thick  grey  fumes  when  exposed  to  damp 
air,  because  its  vapour,  though  itself  transparent,  absorbs  water  very 
readily  from  the  aii',  and  condenses  into  very  minute  drops  of  diluted 
nitric  acid  which  compose  the  fumes.  The  weaker  acids  commonly  sold 
in  the  shops  do  not  fume  so  strongly.  An  exact  criterion  of  the  strength 
of  any  sample  of  the  acid  is  afforded  by  the  specific  gravity,  which  may 
be  ascertained  by  the  methods  described  at  page  115,  using  a  hydro- 
meter adapted  for  liquids  heavier  than  water.  Thus,  the  strongest  acid 
(HO .  NOj)  has  the  specific  gravity  1-52,  and  contains  85 "72  per  cent.,  by 
weight,  of  ifOj;*  whilst  the  ordinary  aquafortis  or  diluted  nitric  acid  has 
the  sp.  gr.  1  '29,  and  contains  oidy  40  per  cent,  of  NOg.  The  concentrated 
nitric  acid  usually  sold  by  the  operative  chemist  (double  aquafortis)  has 
the  sp.  gr.  1'42,  and  contains  58  per  cent,  of  NOj. 

A  very  characteristic  property  of  nitric  acid  is  that  of  staining  the  sldn 
yellow.  It  produces  the  same  effect  upon  most  animal  and  vegetable 
matters,  especially  if  they  contain  nitrogen.  The  application  of  this  in 
dyeing  silk  of  a  fast  yellow  colour  may  be  seen  by  dipping  a  skein  of 
white  silk  in  a  warm  mixture  of  concentrated  nitric  acid  with  an  equal 
volume  of  water,  and  afterwards  immersing  it  in  dilute  ammonia,  which 
will  convert  the  yellow  colour  into  a  brilliant  orange.  When  sulphuric 
or  hydrochloric  acid  is  spilt  upon  the  clothes,  a  red  stain  is  produced,  and 
a  little  ammonia  restores  the  original  colour ;  but  nitric  acid  stains  are 
yellow,  and  ammonia  intensifies  instead  of  removing  them,  though  it  pre- 
vents the  cloth  from  being  eaten  into  holes. 

Nitric  acid  changes  most  organic  colouring  matters  to  yellow,  but,  unless 
very  concentrated,  it  merely  reddens  litmus.  If  solutions  of  indigo  and 
htmus  are  warmed  in  separate  flasks,  and  a  little  nitric  acid  added  to  each, 
the  indigo  will  become  yellow  and  the  litmus  red.  Here  the  indigo 
(CieHjNOj)  acqmres  oxygen  fcom  the  nitric  acid,  and  is  converted  into 
isutine  (0^,11^1(0,). 

When  hydrated  nitric  acid  is  heated,  it  begins  to  boil  at  184"  F.,  but 
it  cannot  be  distilled  unchanged,  for  a  considerable  quantity  is  decom- 
posed into  nitric  peroxide,  oxygen,  and  water,  the  two  first  passing  off  in 
the  gaseous  form,  whilst  the  water  remains  in  the  retort  with  the  nitric 
acid,  which  thus  becomes  gradually  more  and  more  diluted,  until  it  con- 
tains 68  per  cent,  of  HO  .  NO^,  when  it  passes  over  unchanged  at  the 
temperature  of  248°  F.  The  specific  gravity  of  tliis  acid  is  1  -42.  If  an 
acid  weaker  than  this  be  siibmittcd  to  distillation,  water  will  pass  off 
until  acid  of  tliis  strength  is  obtained,  wlicn  it  distils  over  unchanged. 

The  facility  with  wliich  hydrated  nitric  acid  parts  with  a  portion  of  its 

* 

*  It  is  extremely  clifficult  to  obtain  tlio  HO.  NO,  free  fi'om  any  extraneous  water,  as  ii, 
imdergoea  fle(»nii)Osition  not  only  when  vaporised  at  tlie  boiling  point,  but  even  at  ordinary 
temperatures. 
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oxygen,  renders  it  very  valuable  as  an  oxidising  agent.  Comparatively 
few  substances  whicb  are  capable  of  forming  compounds  with  oxygen  can 
escape  oxidation  when  treated  with  nitric  acid. 

A  smaU  piece  of  phosphorus  dropped  into  a  porcelain  dish  containing 
the  strongest  nitric  acid  (and  placed  at  some  distance  to  avoid  danger), 
soon  begins  to  act  upon  the  acid,  generally  with  such  violence  as  to  bm'st 
out  into  flame,  and  sometimes  to  shatter  the  dish;  the  result  of  this  action 
is  hydrated  phosphoric  acid,  the  same  compound  which  is  formed  in  the 
anhydrous  state,  when  phosphorus  is  bui-nt  in  oxygen  gas. 

When  sulphur  is  heated  with  nitric  acid,  it  is  actually  oxidised  to  a 
greater  extent  than  when  burnt  iu  pure  oxygen,  for  ia  this  case  it  is  con- 
verted iuto  sulphurous  acid  (SO^),  whilst  nitric  acid  imparts  to  it  three 
equivalents  of  oxygen,  forming  sulphuric  acid  (SO3). 

Charcoal,  which  is  so  unalterable  by  most  chemical  agents  at  the 
ordinary  temperature,  is  oxidised  by  nitric  acid.  If  a  mixture  of  the 
strongest  nitric  acid  with  half  its  volume  of  fuming  (Nordhausen)  sul- 
phuric acid  be  poured  upon  finely  powdered  charcoal,  the  latter  takes  fiie 
at  once.  A  stick  of  charcoal  dipped  into  this  mixture  will  take  fire  after 
a  few  seconds. 

Even  iodine,  which  is  not  oxidised  by  free  oxygen,  is  converted  into 
iodic  acid  (IO5)  by  nitric  acid. 

It  not  unfrequently  happens  in  this  manner  that  oxygen,  in  a  state  of 
unstable  combination,  is  more  prone  to  unite  with  other  substances  than 
when  it  is  in  a  free  state.  It  would  seem  that  the  disposition  to  com- 
bination having  been  once  impressed  upon  it  is  retained,  so  as  to  facilitate 
its  union  with  other  bodies. 

But  it  is  especially  in  the  case  of  metals  that  the  oxidising  powers  of 
nitric  acid  are  called  into  useful  application. 

Acids  are  not  capable  of  uniting  with  metals,  but  only  with  their  oxides. 
Hence,  when  a  metal  is  dissolved  by  any  oxygen-acid,  the  latter  must 
first  convert  the  metal  into  an  oxide,  which  then  combines  with  the  acid 
to  form  a  salt. 

If  a  little  black  oxide  of  copper  be  heated  in  a  test-tube  with  nitric 
acid,  it  dissolves,  without  evolution  of  gas,  yielding  a  blue  solution,  which 
contains  the  nitrate  of  copper,  or,  to  speak  correctly,  the  nitrate  of  oxide 
of  copper.  In  this  case  the  oxide  of  copper  has  simply  displaced  the 
water  of  the  hydrated  acid — 

CuO    +    HO.  NO,  =  HO  +  CuO.NOj 

Oxide  of  copper.  Nitrate  of  copper. 

But  when  nitric  acid  is  poured  upon  metallic  copper  (copper  tvumings), 
a  very  violent  action  ensues,  red  fumes  are  abimdantly  evolved,  and  the 
metal  dissolves  in  the  form  of  nitrate  of  copper — 

4(H0.N0J  -t-  CU3  =  3(CuO.NO,)  +  4H0  +  NO^ 

Nitrate  of  copper.  Nihic  oxide. 

The  nitric  oxide  itself  is  colourless,  but  as  soon  as  it  comes  into  contact 
with  the  oxygen  of  the  air,  it  is  converted  into  the  red  nitric  peroxide — 

NO,  +   O2  =  NO, 
All  the  metals  in  common  use  are  acted  upon  by  nitric  acid,  except 
gold  and  platmum,  so  that  tliis  acid  is  employed  to  distinguish  and 
separate  these  metals  from  otliers  of  less  value.     The  ordinary  ready 
method  of  ascertaining  whether  a  trinket  is  made  of  gold  consists  in 
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toucliiiig  it  -vvitli  a  glass  stopper  wetted  with  nitric  acid,  which,  leaves 
gold  untouched,  hut  colours  base  alloys  blue,  from  the  formation  of 
nitrate  of  copper.  The  touch-stone  allows  tliis  mode  of  testing  to  be 
applied  with  greater  accuracy.  It  consists  of  a  species  of  black  basalt, 
obtained  chiefly  from  Silesia.  If  a  piece  of  gold  be  drawn  across  its  sur- 
face a  golden  streak  is  left,  which  is  not  aifected  by  moistening  with 
nitric  acid;  whilst  the  streak  left  by  brass,  or  any  similar  base  alloy, 
would  be  rapidly  dissolved  by  the.  acid.  Experience  enables  an  operator 
to  determine  by  means  of  the  touch-stone  pretty  nearly  the  amount  of 
gold  present  in  the  alloy,  comparison  being  made  with  the  streaks  left  by 
alloys  of  known  composition. 

Though  all  the  metals  iu  common  use,  except  gold  and  platinum,  are  oxidised  by 
nitric  acid,  they  are  not  all  dissolved;  there  are  two  metals,  tin  and  antimony,  which 
are  left  by  the  acid  iu  the  state  of  insoluble  oxides,  which  possess  acid  properties, 
and  do  not  unite  with  the  nitric  acid. 

If  some  concentrated  nitric  acid  be  poured  upon  tin  filings,  no  action  will  be 
observed;*  but  on  adding  a  little  water,  red  fumes  will  be  evolved  in  abundance, 
and  the  tin  will  be  converted  into  a  white  powder,  which  is  the  binoxide  of  tin 
{^uO.^),  putty  powder.  The  gas  which  is  evolved  in  this  case  is  the  nitric  peroxide 
(NO^),  and  the  action  of  the  acid  is  represented  by  the  equation  which  follows  :  

2(H0.N0-)  -t-  Sn  =  SnOg  -1-  2H0  +  2N0^ 

If  the  white  mixture  of  binoxide  of  tin  with  nitric  acid  be  made  into  a  paste  with 
slaked  lime,  the  smell  of  ammonia  will  be  exhaled  ;  and  experiments  with  other 
metals  have  shown  it  to  be  a  general  principle,  that  when  any  metal  capable  of 
decomposing  water  is  dissolved  in  diluted  nitric  acid,  ammonia  is  always  formed,  its 
quantity  increasing  with  the  degree  of  dilution  of  the  nitric  acid ;  of  course,  the 
ammonia  combines  with  the  excess  of  acid  present  to  form  nitrate  of  ammonia,  and 
the  lime  was  added  in  the  above  experiment  in  order  to  displace  the  ammonia  from 
its  combination,  and  to  exhibit  its  odour.  This  conversion  of  nitric  acid  into 
ammonia  becomes  the  more  interesting  when  it  is  remembered  that  the  ammonia 
can  be  reconverted  into  nitric  acid  (p.  122). 

By  dissolving  zinc  in  very  diluted  nitric  acid,  a  very  large  quantity  of  ammonia 
may  be  obtained.  The  change  is  easily  followed  if  we  suppose  the  nascent  hydrogen 
(or  hydrogen  with  the  tendency  to  combination  still  remaining  impressed  upon  it, 
see  p.  126),  produced  by  the  action  of  the  zinc  upon  the  water,  to  act  upon  the  nitric 
acid,  converting  its  oxygen  into  water,  and  its  nitrogen  into  ammonia,  thus — 
NOj  -1-  Hj,  =  5H0  -I-  NH3.  The  exalted  attractions  possessed  by  substances  in 
the  nascent  state,  that  is,  at  the  instant  of  their  passing  from  a  state  of  combination, 
are  very  remarkable,  and  will  be  found  to  receive  frequent  application.f 

Action  of  nitric  acid  upon  organic  substances. — ^The  oxidising  action 
of  nitric  acid  upon'  some  organic  substances  is  so  powerful  as  to  be 
attended  with  inflammation;  if  a  little  of  the  strongest  nitric  acid  be 
placed  in  a  porcelain  capside,  and  a  few  drops  of  oil  of  turpentine  be 
poured  into  it  from  a  test-tube  fixed  to  the  end  of  a  long  stick,  the  tur- 
pentine takes  fire  with  a  sort  of  explosion.  By  boiling  some  of  the 
strongest  acid  in  a  test-tube  (fig.  140),  the  mouth  of  wliich  is  loosely 

*  It  is  a  fact  which  has  scarcely  been  explained  in  a  satisfactory  manner,  that  the  con- 
centrated nitric  acid  often  refuses  to  act  upon  metals  which  are  violently  attacked  by  the 
diluted  acid. 

t  When  a  solution  of  nitrate  of  potash  is  mixed  with  a  strong  solution  of  caustic  potash 
and  heated  witli  granulated  zinc  and  clean  iron  filings,  ammonia  is  abundantly  disengaged' 
being  produced  from  the  nitric  acid  by  the  nascent  hydrogen  resulting  from  the  electro- 
lytic action. 

Recent  experiments  have  indicated  the  existence  of  substances  intei-mediate  between 
the  nitric  acid  and  the  ammonia  into  which  it  is  finally  converted.  One  of  these  named 
"■ydroxylamine,  NHjOj,  has  been  examined.  It  is  a  wcll  defincd  base,  forming  crystalline 
salta  with  the  acids. 
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stopped  with  a  plug  of  raw  silk  or  of  liorse-liair,  the  latter  may  be  mad 
to  take  fire  and  bum  brilliantly  in'  the  vapour  of  nitric  acid. 

In  many  cases  the  products  of  the  action  of  nitric  acid  exhibit  a  most 
interesting  relation  to  the  substances  from  which  they  have  been  pro- 
duced, one  or  more  equivalents  of  the  hydrogen 
of  the  original  compound  having  been  removed 
in  the  form  of  water  by  the  oxygen  of  the  nitric 
acid,  whilst  the  spaces  thus  left  vacant  have  been 
filled  up  by  the  nitric  peroxide  resulting  from 
the  deoxidation  of  the  nitric  acid,  producing 
what  is  termed  a  nitro-sulistitution  compound. 
A  very  simple  example  of  this  displacement  of 
H  by  NOj  is  afforded  by  the  action  of  nitric 
acid  upon  benzole,  A  little  concentrated  nitric 
acid  is  placed  in  a  flask,  and  benzole  cautiously 
dropped  into  it ;  a  violent  action  ensues,  and  the 
acid  becomes  of  a  deep  red  colour ;  if  the  contents  of  the  flask  be  now 
poured  into  a  large  vessel  of  water,  a  heavy  yellow  oily  liquid  is  separated, 
having  a  powerful  odour  like  that  of  bitter  almond  oil.  This  substance, 
which  is  used  to  a  considerable  extent  in  perfimiery  under  the  name  of 
essence  of  mirbane,  is  called  nitro-benzole,  and  its  formid.a,  Cj2Hj(N0J,  at 
once  exhibits  its  relation  to  benzole,  CjjHj.* 

But  tiie  change  does  not  stop  here,  for  by  continuing  the  action  of  the 
.  acid,  dinitro-benzole  Cj2H^2(NOJ  is  obtained,  in  which  two  equivalents  of 
hydrogen  have  been  displaced  by  nitric  peroxide. 

It  is  by  an  action  of  this  description  that  nitric  acid  gives  rise  to  gun- 
cotton,  and  other  explosive  substances  of  the  same  class,  when  acting  upon 
the  different  varieties  of  woody  fibre,  as  cotton,  paper,  sawdust,  &c. 

The  preparation  and  composition  of  gun-cotton  will  be  described  here- 
after. 

94;.  The  oxidising  effects  of  nitric  acid  are  not  confined  to  the  free  acid, 
but  are  shared  to  some  extent  by  the  nitrates.  A  mixture  of  nitrate  of 
lead  with  charcoal  explodes  when  sharply  struck,  from  the  sudden  evolu- 
tion of  carbonic  acid  produced  by  the  oxidation  of  the  carbon.  K  a  few 
crystals  of  nitrate  of  copper  be  sprinkled  with  water  and  quickly  wrapped 
up  in  tin-foil,  the  latter  will,  after  a  time,  be  so  violently  oxidised  as  to 
emit  brilliant  sparks. 

But  in  the  case  of  bases  which  retain  the  nitric  acid  with  greater  force, 
such  as  the  alkalies,  the  oxidation  takes  place  oid.y  at  a  high  tempera- 
ture. If  a  Little  nitre  be  fused  in  an  earthen  crucible  or  an  iron  ladle, 
and,  when  it  is  at  a  red  heat,  some  powdered  charcoal,  and  afterwards 
some  flowers  of  sulphur,  be  thi'own  into  it,  the  energy  of  the  combustion 
will  testify  to  the  violence  of  the  oxidation.  In  this  manner  the  carbon 
is  converted  into  carbonate  of  potash  (KO .  COJ,  and  the  sidphur  into 
sulphate  of  potash  (KO .  SOg).    See  Gttiipowder. 

Combining  weight  of  nitric  acid. — Experiment  proves  that  47  parts  by 
weight  (1  equivalent)  of  potash  are  neutralised  by  63  parts  of  hydrated 
nitric  acid,  and  this  quantity  of  the  acid  is  found  to  contain  1  part  of 
hydrogen,  14  parts  of  nitrogen,  and  48  parts  (6  eqiiivalents)  of  oxygen. 
Hence  the  formula  of  the  acid  miglit  be  Amtten  H .  NO^ ;  but  if  it  be 

*C„H,  +  HO.  NO,     =  C,jH,(NO,)    +  2H0. 
Ci,H,  +  2(H0.N0j^=  C„H,2(N0,)  +  4H0. 
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desired  to  represent  in  the  formula  the  mode  in  which  the  elements  are 
grouped,  the  acid  may  be  represented  as  composed  of  water  combined  with 
the  anhydrous  nitric  acid  (HO .  NO5). 

.  The  unitary  [molecular)  fwmula  of  nitric  acid  is  commonly  written 
HNOj  (O  -  16).  ^ 

Nitrates. — Its  attraction  for  bases  places  nitric  acid  among  the  strongest 
of  the  acids,  though  the  disposition  of  its  elements  to  assume  the  gaseous 
state  at  high  temperatures,  conjoined  with  the  feeble  attraction  existing 
between  nitrogen  and  oxygen,  causes  its  salts  to  be  decomposed,  without 
exception,  by  heat. 

The  natiu'B  of  the  decomposition  varies  with  the  base  contained  in  the 
nitrate.  The  nitrates  of  very  powerful  bases  (such  as  the  alkalies)  are 
first  converted  into  nitrites  by  the  action  of  heat ;  thus  KO .  NO^  gives 
KO  .  JSrOg  and  0.^ ;  the  nitrites  themselves  being  eventually  decomposed, 
evolving  nitrogen  and  oxygen,  and  leaving  the  uncombined  base.  The 
nitrates  of  feebler  bases  (such  as  oxide  of  copper  and  oxide  of  lead)  evolve 
nitric  peroxide  (NOJ  and  oxygen,  the  base  being  left,  unless  it  be  deconi- 
posible  by  heat,  as  is  the  case  with  the  oxides  of  silver  and  mercury,  when 
the  metal  itself  will  be  separated.  As  a  general  rule,  the  nitrates  are 
easily  soluble  in  water. 

Comparatively  few  of  the  nitrates  are  in  common  use ;  the  following 
table  contains  those  most  frequently  used  : — 


Chemical  Name. 

Common  Name. 

Equivalent  Formula. 

Atomic  Unitary 
Formula. 

Nitrate  of  pot- 
ash 

1  Nitre,  saltpetre 

KO  .  NO5 

KNOs 

Nitrate  of  soda 

Nitrate  of  stron- 
tia 

f  Cubic  nitre  ) 
1  Peruvian  saltpetre  ) 

1  Nitrate  of  strontian 

NaO .  NO5 
SrO .  NOg 

NaNOs 
SrNOg 

Basic  nitrate  of 
bismuth 

Nitrate  of  silver 

(  Trisnitrate  of  bis- 1 
<     muth  I 
I  Flake  white  J 
Lunar  caustic 

BiOg .  NO5 .  HO 
Ago.  NO, 

2BiNe4,  HgO 
AgNOj 

95.  Anhydrous  nitric  acid  or  nitric  anhydride  is  obtained  by  gently  heating  nitrate 
of  silver  in  a  slow  current  of  chlorine,  great  care  being  taken  to  exclude  every  trace 
of  water — 

AgO.NOg     -H     CI     =     AgCl     +     0     -f  NO5 

Chloride  of  silver.  Nitric  anhydride. 

The  anhydride  is  condensed  as  a  crystalline  solid  in  a  receiver  cooled  with  ice  and 
salt.  It  forms  transparent  colourless  prisms  which  liquefy  at  86°  F.,  and  boil  at  113°. 
By  a  slightly  higher  temperature  it  is  readily  decomposed ;  and  it  has  been  said  to 
decompose,  even  at  the  ordinary  temperature,  in  sealed  tubes  which  were  shattered 
by  the  evolved  gas. 

When  the  anhydride  is  brought  in  contact  with  water,  much  boat  is  evolved,  and 
hydrated  nitric  acid  is  produced. 

The  discovery  of  the  anhydrous  nitric  acid  by  Devillo  in  1848,  was  welcomed  by 
many  chemists  as  a  confirmation  of  that  view  of  the  constitution  of  nitric" acid  which 
had  been  generally  received  for  thirty  years,  and  which  represented  the  acid  as  a 
compound  of  water  witli  NO5.  Tho  more  modern  speculative  views,  however  discard 
this  substance  as  the  true  radical  of  nitric  acid  and  the  nitrates,  and  represent  the 
latter  by  formula)  which  disown  «11  connexion  with  tho  anhydride.    Thus,  the  mole- 
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cular  formiila  for  the  anliydride  would  bo  written  NgO^,  and  its  action  upon  water 
would  be  Nje^  +  B^e  =  2W%. 

96.  Nitrous  oxide  or  laughing  gas  is  prepared  by  heating  nitrate  of  am- 
monia, when  it  is  resolved  into  water,  and  nitrous  oxide* — 

NH3.HO.NO,   =   4H0    +  2m 

Nitrate  of  ammonia  is  obtained  by  adding  fragments  of  carbonate  of  ammonia  to 
nitric  acidf  diluted  with  an  equal  volume  of  water,  until  the  carbonate  no  longer 
effervesces  in  the  liquid,  which  is  then  evaporated  down  until  a  drop  solidifies  on  a 
cold  surface,  when  the  whole  may  be  poured  out  upon  a  clean  stone,  and  the  mass 
broken  up  and  preserved  in  a  well-stoppered  bottle,  because  it  is  liable  to  attract 
moisture  from  the  air.  To  ob- 
tain the  nitrous  oxide,  an  ounce 
of  the  salt  may  be  gently  heated 
in  a  small  retort,  when  it  melts, 
boils,  and  gradually  disappears 
entirelyin  theforms  of  steam  and 
nitrous  oxide.  The  latter  may 
be  collected  with  slight  loss  over 
water. 

Nitrous  oxide  is  perfectly 
colourless,  but  has  a  sliglit 
odour  and  a  sweetish  taste. 
Its  characteristic  intoxicat- 
ing property  is  well  known. 
It  accelerates  the  combustion 
of  a  taper  lilce  oxygen  itself, 


Fig.  141. 


and  wiU  even  kindle  into  flame  a  spark  at  the  end  of  a  match.  It  can 
readily  be  distinguished  from  oxygen,  however,  by  shaking  it  with  water, 
which  absorbs,  at  the  ordinary  temperature,  about  three-fourths  of  its 
volume  of  the  nitrous  oxide.  It  is  also  much  heavier  than  oxygen,  its 
specific  gravity  being  1'53,  and  is  not  a  permanent  gas,  being  liquefied 
by  a  pressure  of  40  atmospheres  at  45°  F.,  and  solidified  at  — 150°  F. 
The  liquid  nitrous  oxide  possesses  a  special  interest,  for,  by  mixing  it 
with  bisulphide  of  carbon,  and  evaporating  in  vacuo,  the  lowest  tempera- 
ture hitherto  known  has  been  obtained,  viz.,  —  220°  F. 

97.  Nitric  oxide  or  hinoxide  of  nitrogen  is  usually  obtained  by  the 
action  of  copper  upon  diluted  nitric  acid — 


4(H0.N0,)   +   CU3   =   3(CuO.NOJ  + 


NO,  -f 


4H0. 


300  grains  of  copper  turnings  or  clippings  are  introduced  into  a  retort,  and  three 
measured  ounces  of  a  mixture  of  concentrated  nitric  acid  witli  an  equal  volume  of 
water  are  poured  upon  them.  A  very  gentle  heat  may  bo  applied  to  assist  the 
action,  and  the  gas  may  be  collected  over  water  (see  fig.  141),  which  absorbs  the  red 
fumes  (NO^)  formed  by  the  union  of  the  NO^  with  the  air  contained  in  the  retort. 

Nitric  oxide  is  distinguished  from  all  other  gases  by  the  production  of 
a  red  gas,  when  the  colourless  nitric  oxide  is  allowed  to  come  in  contact 
with  uncombined  oxygen,  the  presence  of  which,  in  mixtnres  of  gases,  may 
bo  readily  detected  by  adding  a  little  nitric  oxide.    The  red  gas  consists 

1  passing  the  mixture  of  nitrous  oxide  and  aqueous  vapoiu-  over  hydrate  of  potash  at 
+  wv  1  ''""^  "■"'^  ammonia  are  reproduced. 

T  yv  lucli  must  remain  clear  when  tested  with  nitrate  of  silver,  showuig  it  to  be  free  from 
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cliiefly  of  nitric  peroxide  (NOJ,  but  it  often  contains  also  some  (JSTO. ) 
nitrous  acid.  ^ 

The  combination  of  nitric  oxido  with  oxygen  may  be  exhibited  by  decanting  a  pint 
bottle  of  oxygen,  under  water,  into  a  tall  jar  filled  with  water  coloured  with  blue 
litmus,  and  adding  to  it  a  pint  bottle 
of  nitric  oxide  (fig.  142).  Strong 
redfumesare  immediately  produced, 
and  on  gently  agitating  the  cylin- 
der, the  fumes  are  absorbed  by  the 
water,  reddening  the  litmus.  The 
oxygen  will  now  have  been  reduced 
to  half  its  volume,  and  if  another 
pint  of  nitric  oxide  be  added,  the 
remainder  of  the  oxygen  will  be 
absorbed,  showing  that  tioo  volumes 
of  nitric  oxide  combine  icith  one  volume 
of  oxygen,  forming  the  nitric  per- 
oxide which  is  absorbed  by  the 
water. 

The  addition  of  nitric  oxide 
to  atmospheric  air  was  one  of 

the  earliest  methods  employed  Yig.  142 

for  removing  the  oxygen  in 

order  to  determine  the  composition  of  air;  but  important  variations  were 
observed  in  the  results,  in  consequence  of  the  occasional  formation  of  NO 
in  addition  to  the  ISTO^. 

The  rough  analysis  of  air  by  this  method  may  be  instructively  performed  with  two 
similar  gas  cylinders,  each  divided  into  ten  equal  volumes.  Into  one  are  introduced 
hve  volumes  of  air,  and  into  the  other  five  volumes  of  nitric  oxide.  On  decanting 
the  air,  under  water,  into  the  nitric  oxide  (fig.  143),  the  red  nitric  peroxide  will  bl 
tormed  and  absorbed  by  the  water,  the 
ten  volumes  of  gas  shrinking  to  seven, 
showing  that  three  volumes  have  been 
absorbed,  of  which  one  volume  would  of 
course  represent  the  oxygen  contained 
in  the  five  volumes  of  air. 

The  nitric  oxide  prepared  by  the  action 
of  copper  on  nitric  acid  generally  con- 
tains nitrous  oxide,  and  will  seldom  give 
correct  results  in  the  above  experiment, 
rure  nitric  oxide  may  be  obtained  by 
heating  in  a  retort  100  grains  of  nitrate 
ot  potash,  1000  grains  of  sulphate  of  iron, 

and  three  measured  ounces  of  diluted  FiR  143 

sulphuric  acid  (containing  one  measure 

01  acid  to  three  measures  of  water),  which  will  yield  above  two  pints  of  the  gas.* 

In  all  its  properties,  nitric  oxide  is  very  different  from  nitrous  oxide, 
it  la  much  lighter,  having  almost  exactly  the  same  specific  gravity  as  air, 
1  '04,  has  never  yet  been  liquefied,  and  is  not  dissolved  to  any  impor- 
tant extent  by  water.    When  a  lighted  taper  is  immersed  in  nitric  oxide, 
It  IS  extinguished,  although  this  gas  contains  twice  as  much  oxygon  as 
nitrous  oxide,  which  so  much  accelerates  the  combustion  of  a  taper,  for 
^^^^"^cnts  are  held  together  by  a  stronger  attraction  in  the  nitric  oxide 
so  that  its  oxygen  is  not  so  readily  available  for  the  support  of  combus- 
1011     (The  nitric  oxido  prepared  from  copper  and  nitric  acid  sometimes 
contams  so  much  nitrous  oxide  that  a  taper  burns  in  it  brilliantly.) 
•  KG.  NO,  +  6(FeO.  SO,)  +  4(H0.  SO,)  =  KO.  SO,  +  3(Fe,0,.  3S0,)  +  NO,  +  4H0. 

I  2 
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Even  phosphorus,  when  just  kindled,  is  extinguished  in  nitric  oxide 
but  when  allowed  to  attain  to  full  combustion  in  air,  it  burns  ^vitli 
extreme  brilhancy  in  the  gas.  Indeed,  nitric  oxide  appears  to  be  the  lea 
easy  of  decomposition  of  the  whole  series  of  oxides  of  nitrogen,  whiclj 
accounts  for  its  being  the  most  common  result  of  the  decomposition  of 
the  other  oxides.  Nitrous  oxide  itself,  when  passed  through  a  red-h(jt 
tube,  is  partly  converted  into  nitric  oxide  ;  and  when  a  taper  burns  in  ;i 
bottle  of  nitrous  oxide,  the  upper  part  of  the  bottle  is  often  filled  with  ;i 
red  gas,  indicating  the  formation  of  nitric  oxide,  and  its  oxidation  by  tl  i 
air  entering  the  bottle. 

The  difference  in  the  stability  of  the  two  gases  is  also  shown  by  theii 
behaviour  with  hydrogen.  A  mixture  of  nitrous  oxide  with  an  equal 
volume  of  hydrogen  explodes  when  in  contact  with  flame,  yielding  steam 
and  nitrogen,  but  a  mixture  of  equal  volumes  of  nitric  oxide  and  hydro- 
gen burns  quietly  in  air,  the  hydrogen  not  decomposing  the  nitric  oxide. 
An  excess  of  hydrogen,  however,  is  capable  of  decomposing  nitric  oxide, 
ammonia  and  water  being  formed. 

If  two  volumes  of  nitric  oxide  be  mixed  with  five  volumes  of  hydrogen,  and  tlie 
gas  passed  through  a  tube  having  a  bulb  filled  with  platinised  asbestos  (fig.  144);' 

the  mixture  issuing  from  the  orifice 
of  the  tube  will  produce  the  red  va- 
pours by  contact  with  the  air,  whicli 
will  strongly  redden  blue  litmus ;  but  i 
if  the  platinised  asbestos  be  heatt  l 
with  a  spirit-lamp,  the  hydrogen,  en- 
couraged by  the  action  of  the  plati- 
num (91)  will  decompose  the  nitric 
oxide,  and  strongly  alkaline  vapours 
of  ammonia  will  be  produced,  restor- 
ing the  blue  colour  to  the  redden  f  1 
litmus:    NO^  +  Hg  =  NH3  +  2H< 
It  will  be  remembered  that  wli 
oxygen  is  in  excess,  ammonia  is  ci 
verted,  under  the  influence  of  plati 
num,  into  water  and  nitrous  acid  (91). 

Nitric  oxide  is  readily  absorbed 
by  ferrous  salts  (salts  of  protoxide 
of  iron)  with  which  it  forms  dark  brown  solutions.  If  a  little  solution  of 
sulphate  of  iron  be  shaken  in  a  cylinder  of  nitric  oxide  closed  with  a  glass 
plate,  the  gas  will  be  immediately  absorbed,  and  the  solution  will  become 
dark  brown.  On  applying  heat,  the  brown  compound  is  decomposed. 
A  compound  of  4  eqs.  of  ferrous  sulphate  and  1  eq.  of  nitric  oxide  has 
been  obtained  in  small  brown  crystals,  which  lose  all  theii-  nitric  oxide 
in  vacuo. 

98.  Nitrous  acid. — This  acid  is  said  to  exist,  as  nitrite  of  ammonia,  in 
minute  quantity,  in  rain  water,  and  is  occasionally  found  in  combination 
with  alkalies  or  alkaline  earths,  in  well-waters,  where  it  has  probably  been 
formed  by  the  oxidation  of  ammonia  (91).  Small  quantities  of  nitrite  of 
ammonia  appear  to  be  formed  by  the  combustion  in  air  of  gases  contain- 
ing hydrogen,  this  element  uniting  with  the  atmospheric  oxygen  and 
nitrogen. 

Nitrous  acid  may  be  obtained  by  heating  starch  with  nitric  acid,  but 
the  most  convenient  process  consists  in  gently  heatiug  nitric  acid  (s.]' 

*  Asbestos  which  has  been  wetted  with  solution  of  bichloride  of  platinum,  dried,  aud 
lieiited  to  redness,  to  reduce  the  platinum  to  the  metaUic  state. 


Fig.  144. 
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trr.  1  -35)  with  an  equal  weight  of  arsenious  acid,  and  j)assing  the  gas,  first 
thi'ougli  a  U-tube  (fig.  145)  surrounded  with  cold  water,  to  condense  un- 


Fig.  145. — Preparation  of  nitrous  acid. 


decomposed  nitric  acid,  then  through  a  similar  tube  containing  chloride 
of  calcium,  to  absorb  aqueous  vapour,  and  afterwards  into  a  XJ-tube  sur- 
rounded with  a  freezing  mixture  of  ice  and  salt.  Through  a  small  tube 
opening  into  the  bend  of  this  U-tube,  the  condensed  nitrous  acid  drops 
into  a  tube  drawn  out  to  a  narrow  neck,  so  that  it  may  be  drawn  off,  and 
sealed  by  the  blowpipe. 

HO.NO5    +    ASO3    =    HO.AsOg    +  NO3. 

Arsenious  acid.         Arsenic  acid. 

The  nitrous  acid  is  thus  obtained  as  a  blue  liquid  which  boUs  below 
32°  F.,  becoming  converted  into  a  red  vapour.  Water  at  about  32°  F. 
dissolves  the  acid  without  decomposing  it,  yielding  a  blue  solution  which 
is  decomposed,  as  the  temperature  rises,  into  nitric  acid  which  remains  in 
the  liquid,  and  nitric  oxide  which  escapes  with  effervescence — 
SNOg    +    ILO    =    HO.NO5    +  2FO2. 

The  salts  of  nitrous  acid,  or  nitrites,  are  interesting  on  account  of  their 
production  from  the  nitrates  by  the  action  of  heat  (p.  129). 

If  nitrate  of  potash  be  fused  in  a  fire-clay  crucible  and  heated  to  redness,  it  will 
evolve  bubbles  of  oxygen,  and  slowly  become  converted  into  nitrite  of  potash 
(KO .  NO3).  The  heat  should  be  continued  until  a  portion  removed  on  the  end  of 
an  iron  rod,  and  dissolved  in  water,  gives  a  strongly  alkaline  solution.  The  fused 
mass  may  then  be  poured  upon  a  dri/  stone,  and  when  cool,  broken  into  fragments 
and  preserved  in  a  stoppered  bottle.  On  heating  a  fragment  of  the  nitrite  of  potash 
with  diluted  sulphuric  acid,  red  vapours  will  be  disengaged,  but  these  contain  but 
little  nitrous  acid,  the  greater  part  of  which  is  decomposed  by  the  water  into  nitric 
acid  and  nitric  oxide. 

When  nitrous  acid  acts  upon  ammonia,  both  compounds  suffer  decomposition, 
water  and  nitrogen  being  the  results — 

NH3    +    NO3    =    N2    +  3H0. 
This  is  sometimes  taken  advantage  of  in  preparing  nitrogen  gas  by  boiling  mixed 
solutions  of  sal-ammoniac  and  nitrite  of  potash — 

NHa.HCl    -1-    KO.NO3    =    N2    +    KCl    +  4H0. 

Sal-ammoniac 

In  experiments  upon  organic  compounds,  nitrous  acid  is  sometimes  employed  as 
a  convenient  agent  for  eflfccting  simultaneously  the  removal  of  three  equivalents  of 
hyfhogen  from  a  compound,  and  the  insertion  of  one  equivalent  of  nitrogen. 

When  solutions  of  nitrites  are  heated  in  contact  with  air,  they  gradually  absorb 
oxygen,  becoming  converted  into  nitrates. 
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99.  NitHc  peroxide,  also  called  hypordtric  acid  and  peroxide  of  nitrogci, 
or  pernitric  oxide :  formerly  known  as  nitrous  acid. — By  passing  a  miv 
ture  of  nitric  oxide  with,  half  its  volume  of  oxygen,  free  from  every  trar 
of  moisture,  into  a  perfectly  dry  tube  cooled  in  a  mixture  of  ice  and  sail 
the  dark  red  gas  is  condensed  into  colouiless  prismatic  crystals,  whicli 
melt  at  10°  T.  into  a  nearly  colourless  liquid.    This  gradually  becomes 
yellow  as  the  temperature  rises,  and  at  the  ordinary  temperature  has  ;i 
deep  orange  colour.    It  is  very  volatile,  boiling  at  71°  F.,  and  being  con 
verted  into  a  red-bro-\vn  vapour,  which  was  long  mistaken  for  a  permanem 
gas,  on  account  of  the  great  difficulty  of  condensing  it  when  once  mixed 
with  air  or  oxygen.    Mtric  peroxide  is  also  obtained,  mixed  with  one 
fourth  of  its  volume  of  oxygen,  by  heating  the  nitrate  of  lead  (fig.  146)— 
PbO.NO,    -    PbO     +    NO,    +  0. 
The  vapour  of  nitric  peroxide  is  much  heavier  than  atmospheric  aii-. 

Its  colour  varies  with  the  temperature,  becoming 
very  dark  at  100°  F.  The  smell  of  the  vapour  is 
very  characteristic.  It  supports  the  combustion  of 
strongly  burning  charcoal  or  pbosphorus,  and 
oxidises  most  of  the  metals,  potassium  taking  fire 
in  it  spontaneously.  The  nitric  peroxide  must, 
therefore,  rank  as  a  powerful  oxidising  agent,  and 
it  is  the  presence  of  this  substance  in  the  red  fuioing 
nitric  acid  that  imparts  to  it  higher  oxidising 
Fig.  146.— Preparation  powers  than  those  of  the  colourless  nitric  acid, 
of  nitric  peroxide.  The  so-caUed  nitrous  acid  of  commerce  is  really 

nitric  acid  holding  in  solution  a  large  proportion 
of  nitric  peroxide,  and  is  prepared  by  introducing  sulphur  into  the  retorts 
containing  the  mixture  of  nitrate  of  soda  and  sulphmic  acid  employed  h\ 
the  preparation  of  the  nitric  acid,  a  portion  of  which  is  deoxidised  and 
converted  into  nitric  peroxide.  Water  immediately  decomposes  the  nitric 
peroxide  into  nitric  oxide  and  nitric  acid — 

3N0,  +  2H0  =  NO,  +  2(H0.N0,). 
When  water  is  gradually  added  to  liquid  nitric  peroxide,  it  effervesces, 
from  escape  of  nitric  oxide,  and  becomes  green,  blue,  and  ultimately  coloiu-- 
less.  The  production  of  the  green  and  blue  colours  appears  to  be  due  to 
the  solution  of  the  unaltered  NOj  in  the  nitric  acid  produced,  and  when 
this  is  decomposed  by  an  excess  of  water,  the  Hquid,  of  course,  becomes 
colourless.  If  the  red  nitric  acid  of  commerce  be  gradually  diluted  with 
water,  it  wiU  be  found  to  undergo  similar  changes,  alAvays  becoming 
colourless  at  last.  The  nitric  acid  wliich  has  been  used  in  a  Grove's  battery 
always  has  a  green  coloiu-  from  the  large  amount  of  nitric  peroxide  which 
has  accumidated  in  it  during  the  action  of  the  battery,  in  consequence  of 
the  decomposition  of  the  acid  by  the  hydi-ogen  disengaged  dm-ino-  the 
action  of  the  battery;  H  +  HO .  NO,  =  2H0  +  NO,.  °  If  tliis  |reeu 
acid  be  diluted  with  a  little  water,  it  becomes  blue,  and  a  larger  quan- 
tity of  water  renders  it  colourless,  causing  the  evolution  of  nitric  oxide. 
bimUar  colours  are  obtained  by  passing  nitric  oxide  into  nitric  acid  of 
cliilerent  degrees  of  concentration,  apparently  because  nitric  peroxide  is 
iormed  and  dissolved  by  the  acid— 

NO,    +    2  (HO.  NO,)    =    3N0,    +  2H0. 
men  silver,  mercury,  and  some  other  metals  are  dissolved  in  cold  nitric 
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iicid,  a  grcoii  or  bine  colour  is  often  produced,  leading  a  novice  to  suspect 
the  presence  of  copper,  the  colour  being  really  caused  by  tbe  solution  in 
the  mialtered  nitric  acid  of  the  nitric  peroxide  produced  by  the  deoxida- 
tion  of  another  portion. 

Nitric  peroxide  was  formerly  believed  to  be  an  independent  acid  capable 
of  forming  salts.  It  is  true  that  its  vapoui-s  have  a  strongly  acid  reaction 
to  test-papers,  but  when  brought  into  contact  with  bases,  it  produces  a 
mixtiu'e  of  nitrate  and  nitrite — 

2m,    +    2(K0.H0)    =  +    KO.NO3    +  2H0, 

100.  General  revieio  of  the  oxides  of  nitrogen. — AU  the  above  oxides  of 
nitrogen  are  directly  obtainable  from  nitric  acid  by  the  action  of  metals ; 
but  since  the  result  of  such  action  varies  much  -with  the  temperature  and 
state  of  concentration  of  the  acid,  it  cannot  be  depended  upon  for  the 
prepai'ation  of  the  oxides  in  a  separate  state. 

Nitric  peroxide  is  the  chief  product  of  the  action  of  tin  upon  nitric  acid — 

2(H0.N0,)   +   Sn   =    2H0   +    2N0,   +  SnO,. 

Nitrous  acid  is  abundantly  formed  when  silver  is  acted  on  by  nitric  acid — 

3(HO.N05)    +   Ag2   =   3H0   +   NO3   +  2(AgO.NO,). 

Nitric  oxide  has  been  shown  to  be  evolved  when  nitric  acid  is  deoxidised 
by  copper — 

4(H0.N0,)    +   CU3   =   4H0   +   NO,   +  3(CuO.NO,); 

though,  if  the  acid  be  concentrated  or  the  temperature  high,  nitrous  oxide 
and  nitrogen  are  mixed  with  the  nitric  oxide. 

Nitrous  oxide  is  given  off  when  zinc  is  dissolved  in  nitric  acid  diluted 
with  ten  measures  of  water— 

5(HO.N05)    +   Zn,   =    5H0    +   NO   +  i{Zn0.m,); 

the  nitrous  oxide,  however,  is  mixed  with  nitric  oxide. 

Nitric  oxide,  nitrous  acid,  and  nitric  peroxide,  are  very  remarkable  for 
their  relations  to  oxygen.  Nitric  oxide  is  one  of  the  very  few  substances 
which  combine  with  dry  oxygen  at  the  ordinary  temperature,  and  yet  the 
nitric  peroxide  which  is  thus  produced  is  very  ready  to  yield  its  oxygen 
to  other  substances.  Nitrous  acid,  as  might  be  expected,  is  intermediate 
in  this  respect,  being  capable  of  acting  as  a  reducing  agent  upon  power- 
fully oxidising  substances,  and  as  an  oxidising  agent  upon  substances 
having  a  great  attraction  for  oxygen.  Thus,  a  solution  of  nitrite  of 
potash,  acidified  with  sulphuric  acid,  will  bleach  permanganate  of  potash, 
reducing  the  permanganic  acid  (MnP,)  to  manganous  oxide  (MnO); 
whilst,  if  added  to  sulphate  of  iron,  the  nitrite  converts  the  ferrous  oxide 
(FeO)  into  ferric  oxide  (Fe^O,),  and  this  solution,  which  was  capable  of 
reducing  the  permanganate  of  potash  before,  is  now  found  to  be  without 
effect  upon  it,  imless  an  excess  of  the  nitrite  has  been  added. 

TJie  oxides  of  nitrogen,  as  illustrating  comhination  in  midtiple  propor- 
tions ly  weight  and  volume. — In  its  most  general  form,  the  lato  of  midtiple 
proportions  may  be  thus  stated.  When  a  substance  (A)  combines  with 
another  substance  (B)  in  more  than  one  proportion,  the  quantities  of  B, 
which  combine  with  a  constant  quanlitu  of  A,  are  multiples  of  the  smallest 
combining  quantity  of  B  by  some  whole  number. 

In  the  oxides  of  nitrogen  this  law  is  exemplified  in  the  simplest  form, 
since  the  (piantitics  of  oxygen  which  combine  with  a  constant  (quantity  of 
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nitrogen,  are  multiples  of  the  least  combining  quantity  of  oxygen  by  •> 
3,  4,  and  5  (see  table,  p.  123).  j  ~, 

It  was  shown,  at  p.  120,  that  there  is  ground  for  representing  the  combining  weight 
of  nitrogen  as  =  14,  and  its  combining  volume  as  =  2  (the  combining  volume  oi 
oxygen  being  =  1). 

When  nitrous  oxide  is  passed  through  a  red-hot  porcelain  tube,  its  volume  is 
increased  by  one-half,  and  the  resulting  gas  is  found  to  be  a  mixture 'of  one  volume 
of  oxygen  and  two  volumes  of  nitrogen.  Hence  it  is  inferred  that,  in  nitrous  oxide 
two  volumes  (representing  one  combining  weight,  or  14  parts)  of  nitrogen  are  united 
with  one  volume  (representing  one  combining  weight,  or  8  parts)  of  oxygen,  to  form 
two  volumes  of  nitrous  oxide  (representing  22  parts  by  weight).  But  whether  this 
quantity  represents  one  equivalent,  or  more  than  one  equivalent,  of  nitrous  oxide 
cannot  be  determined  by  experiment,  because  this  oxide  is  not  known  to  enter  into 
any  sufficiently  definite  combination  with  other  substances.  If  the  equivalent  of 
nitric  acid  (NOJ  be  represented  by  54,  as  deduced  from  the  experiment  cited  at 
p.  128,  It  would  appear  most  convenient  to  assume  the  equivalent  of  nitrous  oxide 
as  =  22,  since  that  quantity  results  from  the  deoxidation  of  one  equivalent  of 
nitric  acid.  ^ 

When  charcoal  is  strongly  heated  in  nitric  oxide,  the  volume  of  the  gas  remains 
unchanged;  but  it  is  found,  on  analysis,  to  have  become  converted  into  a  mixture 
ot  equal  volumes  of  carbonic  acid  and  nitrogen  (NO,  +  0  =  CO  +  N)  Since 
one  volume  of  carbonic  acid  contains  one  volume  of  oxygen  (page  80),  the  experiment 
proves  that  one  volume  of  oxygen  and  one  volume  of  nitrogen  exist  in  two  volumes 
ot  nitric  oxide,  or  that  two  volumes  of  nitrogen  (representing  one  combining  wei -^ht 
or  14  parts)  are  combined  with  two  volumes  of  oxygen  (representing  two  combininc^ 
weights,  or  16  parts)  m  four  volumes  (representing  30  parts  by  weight)  of  nitric 
oxide  The  circumstance  that  this  quantity  of  nitric  oxide  is  capable  of  formiuRa 
definite  cpmpound  with  one  equivalent  of  chlorine,  and  that  it  is  the  quantitv 
resulting  from  the  decomposition  of  one  equivalent  of  nitric  acid,  appears  to  iustify 
the  conclusion  that  the  equivalent  of  nitric  oxide  is  represented  by  N0„  =  30  narts 
by  weight  =  4  volumes.  ■'2  f 

.0,^.^?  direct  evidence  of  the  composition  of  nitrous  acid  is  not  so  satisfactory  as 
that  m  the  two  preceding  cases.  This  acid  has  been  obtained,  however  by  the 
direct  union  of  one  volume  of  oxygen  with  four  volumes  of  nitric  oxide,  leadin-  to 
the  conclusion  that  it  contains  NO3.  Its  equivalent  has  been  determined  by°the 
analysis  of  nitrite  of  silver,  which  was  found  to  contain,  for  one  equivalent  (116 
parts  by  weight)  of  oxide  of  silver,  38  parts  by  weight  of  nitrous  acid,  representing 
''•?v°'^<??"^  P^''*^  by  weight  of  nitrogen  (or  one  equivalent  =  2  volumest 

with  24  parts  by  weight  (or  three  equivalents  =  3  volumes)  of  oxygen  The 
volume  occupied  by  the  equivalent  of  nitrous  acid  in  the  state  of  vapoui-  has  not 
yet  been  ascertained,  no  accurate  determination  of  the  specific  gravity  of  its  vanour 
having  been  made.  o  j 

Nitric  peroxide  has  been  analysed  by  passing  the  vapour  produced  from  a  known 
weight  of  the  liquid  over  red-hot  metallic  copper,  which  absorbed  the  oxygen,  leavin<r 
the  nitrogen  to  be  collected  and  measured.  It  was  thus  found  that  14  parts  by 
weight  (one  equivalent  =  2  volumes)  of  nitrogen  were  combined  with  32  parts  by 
weight  (four  equivalents  =  4  volumes)  of  oxygen,  a  result  which  is  confirmed  bV 
the  direct  union  of  4  volumes  of  NO2  (one  equivalent)  with  2  volumes  of  oxygen 
(two  equivalents)  to  form  NO4.  ^ 

The  circumstance  that  46  parts  by  weight  of  nitric  peroxide  are  capable  of  dis- 
placing one  equivalent  of  hydrogen  in  organic  substances  (page  128),  supports  the 
belief  that  the  formula  NO,  (=  46  by  weight)  represents  the  equivalent  of  nitric 
peroxide.  Ihe  results  of  experiments  upon  the  specific  gravity  of  its  vapour  have 
been  so  unsatisfactory,  on  account  of  its  variation  at  difi-erent  temperatures,  that  the 
volume  occupied  by  an  equivalent  of  nitric  peroxide  can  scarcely  be  said  to  be 
satisiaetorily  established.  It  is,  however,  generally  believed  to  represent  four 
volumes  (containing  2  volumes  of  nitrogen  and  4  volumes  of  oxygen), 
that  mif  f  "'^y'^'i'ie,  or  anhydrous  nitric  acid,  was  analysed  by  a  method  similar  to 
eQuivnlrr.f  o  J^'*"''  peroxide,  and  was  found  to  contain  14  parts  by  weight  (one 
volumpaf  f~  volumes)  of  nitrogen,  combined  with  40  parts  (five  equivalents  =  5 
united  wiH,  "''ysen,  forming  54  parts  of  nitric  anhydride,  the  quantity  which  is 
thereforTbp  ^ly^^'^l^'it  (47  parts)  of  potash  in  nitrate  of  potash,  and  which  mav 
re  oe  taken  to  represent  the  equivalent  of  the  anliydride.    The  volume  occu- 
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pied  by  the  equivalent  of  nitric  anliydride  in  the  state  of  vapour  has  not  been  deter- 
mined, on  account  of  the  want  of  stability  of  this  compound. 

The  following  table  exhibits  a  general  view  of  the  composition  and 
equivalents  of  the  oxides  of  nitrogen,  a  note  of  interrogation  (?)  being 
employed  to  show  where  the  number  has  been  deduced  from  hypothetical 
considerations  instead  of  experimental  results  : — 
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By  Weight. 

alent 
me. 
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P4 

N 

0 

Equlv 
Volu 

N 

0 

ifitrous  oxide, 

NO 

22? 

14 

8 

2? 

2 

1 

Nitric  oxide, 

NO2 

30 
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Nitrous  acid. 

NO3 

38 
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24 

4? 

2 

3 

Mtric  peroxide. 

NO, 

46 

14 

32 

4? 

2 

4 

Mtric  acid, 

NO, 

54 

14 

40 

4? 

2 

5 

Atomic  constitution  of  the  oxides  of  nitrogen. — ^Assuming  that  one  atom 
of  an  elementary  substance  always  occupies  one  volume,  nitrous  oxide 
(containing  2  vols,  nitrogen  and  1  vol.  oxygen)  would  be  represented  by 
the  atomic  formula  (0  =  16);  nitric  oxide  (containing  1  vol. 

nitrogen  and  1  vol.  oxygen),  would  become  N0 ;  nitrous  acid  (containing 
2  vols,  nitrogen  and  tliree  vols,  oxygen)  would  be  N^Oj ;  nitric  peroxide 
(containing  1  vol.  nitrogen  and  2  vols,  oxygen),  N^^ ;  and  anhydrous 
nitric  acid  (containing  2  vols,  nitrogen  and  5  vols  oxygen),  N.^-  These 
formulEe,  however,  have  the  disadvantage  of  wanting  that  symmetrical  re- 
lation to  each  other  which  affords  so  great  assistance  in  recollecting  the 
composition  of  such  a  series  of  compounds.  The  symmetry  may  be  pre- 
served by  writing  the  formula  of  nitric  oxide  as  a  double  molecule  (4  vols.), 
and  assuming  that  nitrous  acid,  nitric  peroxide,  and  nitric  acid  have  really 
a  vapour-density  corresponding  to  a  two-volume  formula ;  thus — 


(H  = 

1  vol.) 

2  vols. 

N A  = 

4  vols. 

= 

2  vols.? 

2  vols.? 

NA  = 

2  vols.? 

CHLORINE. 

101.  Tills  element  is  never  found  in  the  uncombined  state,  but  is  very 
abimdant  in  the  mineral  world  in  the  forms  of  chloride  of  sodium  (common 
salt)  and  chloride  of  potassium.  In  these  forms  also  it  is  an  important 
con.stituent  of  the  fluids  of  the  animal  body,  but  as  it  is  not  found  in 
sufficient  proportion  in  vegetable  food,  or  in  the  solid  parts  of  animal  food, 
a  quantity  of  salt  must  be  added  to  tliese  in  order  to  form  a  wholesome 
diet.  Cldoride  of  sodium  is  indispensable  as  a  raw  material  for  several  of 
the  most  useful  arts,  such  as  the  manufactures  of  soap  and  glass,  bleacliing, 
<^c.,  in  fact,  it  is  tlic  source  of  three  of  the  most  generally  useful  chemical 
I'roducts,  viz.,  chlorine,  hydrochloric  acid,  and  soda. 
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About  the  middle  of  the  seventeenth  century,  a  German  chemist  named 
Glauber  distilled  some  conimon  salt  with  sulphuric  acid,  and  obtained  a 
strongly  acid  liquid  to  wliich  he  gave  the  name  muriatic  acid  (from  inuria, 
brine)  and  which  was  proved  to  be  identical  with  the  acid  long  known  to 
the  alchemists  as  S2nrit  of  salt.  The  sahne  mass  which  was  left  after  the 
experiment  was  then  termed  Glauber's  salt,  but  afterwards  received  its 
present  name  of  sulphate  of  soda. 

It  was  undoubtedly  a  natural  inference  from  this  experiment  that  com- 
mon salt  was  composed  of  muriatic  acid  and  soda,  and  that  the  sulphuric 
acid  had  a  greater  attraction  for  the  soda  than  the  muriatic  acid,  wliich  was 
therefore  displaced  by  it.  In  accordance  with  tills  view,  conimon  salt  was 
called  muriate  of  soda,  without  fiu'ther  question  until  the  year  1810,  when 
the  experiments  of  Davy  proved  that  it  was  reaUy  composed  of  the  two 
elementary  substances,  chlorine  and  sodium,  and  must  therefore  be  styled, 
as  it  now  is,  chloride  of  sodium,  and  represented  by  the  formula  NaCl. 
It  was  further  shown  by  Davy,  that  the  muriatic  acid  was  really  composed 
of  chlorine  and  hydrogen,  and  that  it  was,  in  fact,  chloride  of  sodium 
(NaCl)  in  wliich  the  sodium  had  been  displaced  by  hydrogen  (HCl). 

Preparation  of  chlorine. — In  order  to  extract  chlorine  from  common 
salt,  it  is  heated  with  black  oxide  of  manganese  and  diluted  sulphuric  acid  ; 
the  acid  decomposes  the  binoxide  of  manganese,  part  of  the  oxygen  of 
which  displaces  the  cliloriae  from  the  chloride  of  sodium,  yielding  soda 
which  combines  with  the  sulphuric  acid,  so  that  the  sulphates  of  soda  and 
manganese  are  left  in  solution,  and  chlorine  escapes  in  the  form  of  gas ; 

NaCl  +  IMnO^  +  2(H0 .  SO3)  =  NaO .  SO3  +  IVInO .  SO3  +  2H0  +  CI. 

600  grains  of  common  salt  may  be  mixed  with  450  grains  of  binoxide  of  manganese, 
introduced  into  a  retort  (fig.  147),  and  a  cold  mixture  of  1^  oz.  by  measure  of  strong 
sulphuric  acid  with  4  oz.  of  water  poured  upon  it.    The  retort  having  been  well 


Fig.  147. — Preparation  of  chlorine. 

shalcen  to  wet  the  powder  thoroughly  with  the  acid,  a  very  gentle  heat  is  applied, 
and  the  gas  collected  in  bottles  filled  with  water  and  inverted  in  the  pneumatic 
trough.  When  the  bottles  are  filled,  the  stoppers,  previously  greased,  must  be  in- 
serted into  them  under  water.  The  first  bottle  or  two  will  contain  the  air  from  the 
e  ort,  and  will  tlierefore  have  a  paler  colour  than  tlie  pure  clilorine  afterwards  col- 
iccteci.    it  IS  advisable  to  keep  a  jar  filled  with  water  standing  ready  on  the  shelf  of 


oi'iliL^w^^'  ^°  ^^^^^  °'^y  excess  of  chlorine  may  bo  passed  into  it  instead  of  being 
allowed  to  escape  into  the  air.  causing  serious  _  _      -  .. 

clilonno  must  always  be  preserved  in  the  dark, 


air,  causing  serious  inconvenience.    Tlio  bottles  of  moist 
Clilorine  may  also  be  conveniently 
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prepared  by  gontly  heating  500  grains  of  binoxide  of  manganese  with  4  oz.  (measured) 
of  common  hydrochloric  acid — 

MnOg    +    2HC1   =   MnCl    +    2H0    +  Gl. 

Either  of  the  above  methods  will  furnish  about  five  pints  of  chlorine. 

Properties  of  chlorine. — The  physical  and  chemical  properties  of  chlorine 
are  more  striking  than  those  of  any  element  hitherto  considered.  Its 
colom-,  whence  it  derives  its  name  (xA.ojpo's,  pale  gi-een)  is  bright  greenish 
yellow,  its  odour  insupportable.  It  is  twice  and  a  half  as  heavy  as  air 
(sp.  gr.  2-47),  and  may  be  reduced  to  the  liquid  state  by  a  pressure  of  only 
foiu-  atmospheres  at  60°  F.  If  a  bottle  of  chlorine  be  held  mouth  down- 
wards in  water,  its  stopper  removed,  one-third  of  the 
chlorine  decanted  into  a  jar,  and  the  rest  of  the  gas 
shaken  with  the  water  in  the  bottle,  the  mouth  of 
which  is  closed  by  the  palm  of  the  hand  (fig.  148), 
the  water  will  absorb  twice  its  volume  of  chlorine, 
producing  a  vacuum  in  the  bottle  which  will  be  held 
firmly  against  the  hand  by  atmospheric  pressure.  If 
air  be  then  allowed  to  enter,  and  the  bottle  again 
shaken  as  long  as  any  absorption  takes  place,  a  satu- 
rated solution  of  chlorine  {chlorine  water)  will  be  ^^S- 
obtained.  By  exposing  this  yeUow  solution  to  a  temperature  approaching 
32°  r.,  yellow  crystals  oiMjdrcde  of  chlorine  (CI  -f-  10  HO)  are  obtained, 
the  liquid  becoming  colourless. 

When  the  water  in  the  pneumatic  trough,  over  which  chlorine  is  being  collected, 
happens  to  be  very  cold,  the  gas  is  often  so  foggy  as  to  be  quite  opaqtie,  in  conse- 
quence of  the  deposition  of  minute  crystals  of  the  hydrate.  On  standing,  the  gas 
becomes  clear,  crystals  of  the  hydrate  being  deposited  like  hoar-frost  upon  the  sides 
of  the  bottle  ;  the  gas  also  becomes  cleaJ^when  the  bottles  are  slightly  warmed. 

The  hydrate  of  chlorine  affords  a  convenient  source  of  liquid  chlorine.  A  number 
of  bottles  of  saturated  solution  of  chlorine,  prepared  as  above,  are  exposed  on  a  cold 
winter's  day  until  the  hydrate  has  crystallised.  The  crystals  are  thrown  upon  a 
filter,  cooled  to  nearly  32°,  allowed  to  drain,  and  rammed  into  a  pretty  strong  tube 
closed  at  one  end,  about  twelve  inches  long,  and  half  an  inch  in  diameter,  previously 
cooled  in  ice  or  snow.  The  tube  having  been  nearly  filled  with  the  crystals  is  kept 
surrounded  with  snow,  whilst  its  upper  end  is  gradually  softened  in  the  blowpipe  flame 
and  drawn  ofi"  so  as  to  be  strongly  sealed.  When  this  tube  is  immersed  in  warm 
water,  the  chlorine  separates  from  the  water,  and  two  layers  of  liquid  are  formed,  the 
lower  one  consisting  of  amber-yellow  liquid  chlorine  (sp.  gr.  1-33),  and  the  upper, 
about  three  times  its  volume,  of  a  pale  yellow  aqueous  solution  of  chlorine.  On 
allowing  the  tube  to  cool  again,  the  crystalline  hydrate  is  rej)roduced,  even  at  common 
temperatures,  being  more  permanent  under  pressure. 

Liquid  chlorine  may  also  be  obtained  in  a  state  in  which  it  can  be  preserved,  by 
disengaging  the  chlorine  in  a  sealed  tube  (as  in  the  liquefaction  of  ammonia)  from 
about  200  grains  of  bichloride  of  platinum  previously  dried  at  400°  F.  The  bichloride 
is  heated  with  a  spirit-lamp  in  one  limb  of  the  tube,  whilst  the  other  is  immersed 
in  a  freezing  mixture.  The  face  and  hands  of  the  operator  should  be  protected 
against  the  bursting  of  the  tube. 

The  most  characteristic  chemical  feature  of  chlorine  is  its  powerful 
attraction  for  many  other  elements  at  the  ordinaiy  temperature.  Among 
the  non-metals,  hydrogen,  bromine,  iodine,  sulphur,  selenimn,  phosphorus, 
and  arsenic,  combine  spontaneously  with  cldorino,  and  nearly  all  the  metals 
behave  in  the  same  way. 

*, 

If  a  piece  of  dry  phosphorus  bo  placed  in  a  deflagrating  spoon,  and  immersed  iu  a 
bottle  of  cldorino  (tig.  149),  it  will  take  fire  spontaneously,  comlriuing  with  the  chlo- 
rine to  form  tcrchloride  of  phosphorus  (PCI^).    A  tall  glass  sliado  may  bo  placed 
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over  the  bottle,  which  should  stand  in  a  plate  containing  water,  so  that  the  fumes 
may  not  escape  into  the  air. 

If  phosphorus  be  placed  in  a  bottle  of  oxygen  to  which  a  small  quantity  of  chlorine 

has  been  added,  it  will  burst  out  after  a  minute 
or  two  into  most  brilliant  combustion. 

Powdered  antimony  (the  metal,  not  the  sul- 
phide), sprinkled  into  a  bottle  of  chlorine  (fig. 
150),  descends  in  a  brilliant  shower  of  white 
sparks,  the  antimony  burning  in  the  chlorine  to 
form  terchloride  of  antimony  (SbClj).  A  little 
water  should  be  placed  at  the  bottom  of  the  bottle 
to  prevent  it  from  being  cracked,  and  the  fumes 
should  be  restrained  by  a  shade  standing  in 
water. 

If  a  flask,  provided  with  a  stop-cock  (fig.  151),  be 
filled  with  leaves  oiButch  metal  (an  alloy  of  copper 
and  zinc,  resembling  gold  leaf),  exhausted  of  air. 
Pig.  149.  and  screwed  on  to  a  capped  jar  of  chlorine  stand- 

ing over  water,  it  will  be  found,  on  opening  the 
stop-cocks  so  that  the  chlorine  may  enter  the  flask,  that  the  metal  burns  with  a  red 
light,  forming  thick  yeUow  fumes  containing  chloride  of  copper  (CuCl)  and  chloride 


Fig.  150.  Fig.  151. 


of  zinc  (ZnCl).  If  gold  leaf  be  suspended  in  chlorine,  it  wiU  hot  be  immediately 
attacked,  but  will  gradually  become  converted  into  tercliloride  of  gold  (AUCI3). 

102.  The  most  important  useful  applications  of  cliloriue  depend  upon 
its  powerful  chemical  attraction  for  hydrogen.  The  two  gases  may  be 
mixed  without  combining,  if  kept  in  the  dark,  but  when  the  mixture  is 
exposed  to  light,  they  combine  to  form  hydi-ochloric  acid  gas  (HCl),  with 
a  rapidity  proportionate  to  the  intensity  of  the  actinic  rays  (or  rays  capable 
of  inducing  chemical  change)  in  the  light  employed.  Exposed  to  gas-light 
or  ordinary  diffused  daylight,  the  hydrogen  and  chlorine  combine  slowly, 
but  direct  sunlight  causes  sudden  combination,  attended  -^Wth  explosion, 
resulting  from  the  expansion  which  the  hydrochloric  acid  formed  suffers 
by  the  heat  evolved  in  the  act  of  combination.  The  light  of  magnesium 
burning  in  air,  and  some  other  artificial  lights,  also  cause  sudden  com- 
bination. 

Two  pint  gas-bottles  should  be  ground  so  that  their  mouths  may  be  fitted  accu- 
rately to  each  other,  and  filled  respectively  with  dry  hydrogen  and  dry  chlorine,  both 
gases  having  been  dried  by  passing  through  oil  of  vitriol,  and  collected,  the  hydrogen 
by  upward,  and  the  chlorine  by  downward,  displacement  of  air.    The  mouths  should 


SYNTHESIS  OF  HYDROCHLORIC  ACID. 


141 


bo  slightly  greased  before  the  bottles  are  filled  with  gas,  and  afterwards  closed  with 
glass  plates.  On  placing  tho  bottles  together,  and  removing  the  plates  so  that  the 
gases  may  come  in  contact  (see  fig.  133),  the  yellow  colour  of  the  chlorine  will  be 
permanent  as  long  as  the  mixture  is  kept  in  the  dark,  but  on  exposure  to  daylight 
the  colour  will  gradually  disappear,  the  hydrochloric  acid  gas  being  colourless.  If 
the  bottles  be  now  closed  with  glass  plates,  the  small  quantity  of  gas  which  escapes 
during  the  operation  will  be  seen  to  fume  strongly  in  air,  a  property  not  possessed 
either  by  hydrogen  or  chlorine,  and  when  the  necks  of  the  bottles  are  immersed  in 
water  and  the  glass  plates  withdrawn,  the  water  will  rapidly  absorb  the  gas,  and  be 
forced  into  the  bottles  so  as  to  fill  them,  with  the  exception  of  a  small  space  occupied 
by  the  air  accidentally  admitted,  showing  that  the  hydrochloric  acid  gas  possesses 
the  joint  volumes  of  the  hydrogen  and  chlorine.  If  the  water  be  tinged  with  blue 
litmus  it  will  be  strongly  reddened  as  it  enters  the  bottles. 

The  sudden  union  of  the  gases  with  explosion  may  be  safely  exhibited  in  a  Flor- 
ence flask.    The  flask  is  filled  with  water,  which  is  then  poured  out  into  a  measure. 
Exactly  half  the  water  is  returned 
to  the  flask,  and  its  level  in  the 
latter  carefully  marked  with  a  dia- 
mond or  file.  The  flask  having  been 
again  filled  with  water, is  closed  with 
the  thumb  and  inverted  in  the  pneu- 
matic trough,  so  that  hydrogen  may 
be  passed  up  into  it  to  displace  one- 
half  of  the  water.    A  short-neclied 
funnel  is  then  inserted,  under  the 
water,  into  the  neck  of  the  flask, 
and  chlorine  rapidly  decanted  up 
from  a  gas-bottle  (fig.  152)  until  the 
rest  of  the  water  has  been  displaced. 
The  flask  is  now  raised  from  the 
water  and  quickly  closed  with  a  cork 
(fig.  153),  through  which  pass  two 
gutta-percha-covered  copper  wires, 
the  ends  of  which  have  been  stripped  and  brought  sufficiently  near  to  each  other 
to  allow  of  the  passage  of  the  electric  spark  within  the  flask.    The  ends  external  to 
the  flask  are  also  stripped  and 
bent  into  hooks  for  convenient 
connexion  with  the  conducting 
wires.    The  flask  is  placed  upon 
the  ground,  and  covered  with  a 
wooden  box  to  prevent  the  pieces 
from  flying  about.    On  connect- 
ing the  copper  wires  with  the  con  ■ 
ducting  wires  from  an  induction- 
coil  or  an  electrical  machine,  it 
wiU  be  heard,  on  passing  the  spark, 
that  the  mixture  has  violently  ex- 
ploded ;  on  raising  the  box  it  wiU 
be  found  filled  with  strong  fumes 
of  hydrochloric  acid,  and  a  heap  of 
small  fragments  of  glass  will  repre- 
sent the  flask.  . 

A  flask  filled  in  the  same  way  with  tho  mixture  of  hydrogen  and  chlorine  may 
be  attached  to  the  end  of  a  long  stick,  and  thrust  out  into  the  sunlight,  when  it 
explodes  with  great  violence. 

To  illustrate  the  direct  combination  of  hydrogen  and  chlorine  under  tho  influ- 
ence of  artificial  light,  it  is  better  to  employ  the  mixture  of  exactly  equal  volumes 
of  the  two  gases  obtained  by  decomposing  hydrochloric  acid  by  the  galvanic  cur- 
rent. The  voltameter  (A,  fig.  154)  is  filled  with  concentrated  hydrochloric  acid, 
and  its  conducting  wires  (B)  connected  with  the  terminals  of  a  Grove's  battery 
of  five  or  six  cells.  Chlorine  is  at  once  evolved  at  the  positive  polo  (or  that  con- 
nected with  the  platinum  in  the  battery),  and  hydrogen  at  the  negative  pole  (at- 
tached to  the  zinc  of  the  battery).  It  is  advisable  to  place  the  voltameter  in  a 
vessel  of  cold  water,  to  prevent  the  hydrochloric  acid  from  becoming  too  hot.  The 


Fig.  152. 


Fig.  153. 


142 


EXPLOSION  OF  CHLOKTNE  AND  HYDROGEN. 


gas  evolvod  during  the  first  five  minutes  should  be  allowed  to  pass  into  a  waste-jar, 

because,  until  the  liquid  becomes 
saturated  with  chlorine,  the 
evolved  gas  docs  not  contain 
exactly  equal  volumes  of  the 
constituent  elements.  A  very 
thin  glass  bulb  (C),  about  2 
inches  in  diameter,  blown  upon 
a  stout  piece  of  tube,  the  ends  of 
which  have  been  drawn  out  to 
narrow  open  points  (fig.  155),  is 
then  connected  with  the  volta- 
meter by  means  of  a  caoutchouc 
tube.  A  similar  caoutchouc  tube 
is  attached  to  the  free  end  of  the 
bulb.    When  the  colour  of  the 


Fig.  154. 


Fig.  155. 


Fig.  156.  —Nipper-tap. 


gas  in  the  bulb  (which  should  be  shaded  from  sunlight)  shows  that  it  is  completely 
filled,  the  caoutchouc  tubes  are  well  closed  by  nipper-taps  (fig.  156),  and  the  bulb 

detached  from  the  voltameter.   In  this  condition  it  may 
be  kept  in  the  dark  for  a  long  time  without  alteration 
or  escape  of  gas.    The  mixture  may  be  most  effectively 
exploded  by  exposing  it  to  the.  flash  of  light  evolved  by 
firing  a  mixture  of  nitrip  oxide  gas  with  vapour  of  bisul- 
phide of  carbon.    For  this  purpose  a  cylinder  may  be 
filled  with  nitric  oxide  (page  130)  over  water,  closed 
with  a  glass  plate,  and  placed  mouth  upwards  upon  the 
table  ;  the  glass  plate  being  lifted  for  an  instant,  a  few  drops  of  bisulphide  of  carbon 
are  poured  into  the  cylinder,  which  is  then  shaken.    The  bulb  containing  the  explo- 
sive mixture  is  suspended  at  some 
distance  from  the  operator,  and  the 
gas-cylinder  is  placed  within  a  few 
inches  of  it  (fig.  157).    On  applying 
a  light  to  the  cylinder,  the  flash  will 
cause  the  immediate  explosion  of  the 
mixture  in  the  bulb,  with  production 
of  strong  fumes  of  hydrochloric  acid. 

If  the  bulb  be  thin,  no  injury  will 
be  inflicted  by  the  pieces  of  glass,  or 
the  operator  may  easily  protect  his 
face  by  a  screen. 

The  attraction  of  chlorine  for  hydrogen  enables  it  to  effect  the  decom- 
position of  water.    The  solution  of  chlorine  in  water  may  be  preserved 

in  the  dark  without  change  ;  but  when  ex- 
posed to  light  it  loses  the  smeU  of  chlorine, 
and  becomes  converted  into  weak  hydro- 
chloric acid,  the  oxygen  being  hberated ; 
HO  -t-  CI  =  HCl  +  0.*  The  decomposi- 
tion takes  place  much  more  quicldy  at  a 
red  heat,  so  that  oxygen  is  obtained  in 
abundance  by  passing  a  mixture  of  chlo- 
rine and  steam  through  a  red-hot  tube. 

For  this  experiment  a  porcelain  tube  is  em- 
ployed, which  is  bound  round  with  sheet  copper 
to  prevent  it  from  cracking,  and  loosely  filled 
with  fragments  of  broken  porcelain  to  expose  a 
large  heated  surface.  This  tube  is  gradually 
heated  to  redness  in  a  charcoal  furnace  (fig. 
158).  One  end  of  it  receives  the  mixture  of 
chlorine  with  steam,  obtained  by  passing  the 

vecltl/££Vp«Sbri?fcTd3'°'''^'"''  ^'^^  hypochlorous,  and,  as 


Fig.  157. 
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cliloriiie  evolved  from  liydroclilovic  acid  and  binoxide  of  nmuganese  in  A  (p.  139), 
tlirough  a  llask  (B)  of  boiling  water.  The  otlior  end  of  the  tube  is  connected  with 
a  bottle  (C)  containing  solution  of  potash  to  absorb  any  excess  of  chlorine  and  the 
liydrochloric  acid  formed ;  from  this  bottle  the  oxygen  is  collected  over  the  pneu- 
matic trough. 

Since  water  is  decomposed  by  chlorine,  it  is  not  surprising  that  most  other 
hj^drogen  compounds  are  attacked  by  it.    Ammonia  (NPI3)  is  acted  upon 


Fig.  158. — Steam  decomposed  by  chlorine. 


with  great  violence.  If  a  stream  of  ammonia  gas  issuing  from  a  tube  con- 
nected with  a  flask  in  which  solution  of  ammonia  is  heated  (see  fig.  131) 
be  passed  into  a  bottle  of  chlorine,  it  takes  fire  immediately,  burning 
with  a  peculiar  flame,  and  yielding  thick  white  clouds  of  hydrochlorate  of 
ammonia ;  4NH3  +  CI3  =  3(NH3 .  HCl)  -(-  K  A  piece  of  folded  filter- 
paper  dipped  in  strong  ammonia,  and  immersed  in  a  bottle  of  chlorine, 
wUl  exhibit  the  same  efi'ect.  When  the  chlorine  is  allowed  to  act  upon 
hydrochlorate  of  ammonia,  its  operation  is  less  yiolent,  and  one  of  the 
most  explosive  substances  is  produced,  wliich  was  formerly  believed  to  be 
a  chloride  of  nitrogen,  but  is  probably  a  compound  formed  by  the  removal 
of  a  part  of  the  hydrogen  from  ammonia,  and  the  introduction  of  chlorine 
in  its  stead. 

Many  of  the  compounds  of  hydrogen  with  carbon  are  also  decomposed 
with  violence  by  chlorine.  "When  a  piece  of  folded  filter-paper  is  dijjped 
into  oil  of  turpentine  (CjpHjJ,  and  afterwards  into  a  bottle  of  clilorine,  it 
bursts  into  a  red  flame,  liberating  voluminous  clouds  of  carbon  and  hydro- 
chloric acid.  Acetylene  (C^HJ  was  found  to  explode  spontaneously  with 
chlorine  when  exposed  to  light  (page  85).  The  strildng  decomposition  of 
olefiant  gas  (C,H^)  by  chlorine  on  the  approach  of  a  flame  has  already 
been  noticed  (page  87).  When  a  lighted  taper  is  immersed  in  chlorine  it 
continues  to  bum,  but  with  a  small  red  flame,  the  hydrogen  only  of  the 
wax  combining  with  the  chlorine,  whilst  the  carbon  separates  in  black 
smoke,  mixed  with  the  hydrochloric  fumes.  When  chlorine  is  broun-lit 
in  contact  with  the  flame  nf  a  spirit-lamp,  it  renders  the  flame  luminous 
by  causing  the  separation  of  solid  particles  of  carbon  (page  93).  It  has 
been  seen,  in  the  case  of  olefiant  gas,  that  clilorine  sometimes  combines 
directly  with  the  hydrocarbons. 
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When  marsli-gas  (C.Jlj)  is  diluted  witli  an  equal  bulk  of  carbonic  acid, 
to  prevent  violent  action,  and  four  volumes  of  chlorine  added  for  each 
volume  of  marsh-gas,  an  oily  liquid  is  gradually  formed  under  the  influ- 
ence of  daylight.  This  oUy  liquid  is  a  mixture  of  chloroform  and  bichlo- 
ride of  carbon,  the  production  of  which  is '  explained  by  the  following 
equations : — 

~"    +    Cl„   =   3HC1   +  C^HCl, 


C2H4 


+   CL  = 


C,C1, 

Bichloride  of  carbon 


Clilorofonn. 

+  4HC1. 


It  is  evident  from  these  equations  that  chlorine  is  capable,  not  only  of 
removing  hydrogen  from  a  compound,  but  also  of  taking  its  place, 
equivalent  for  equivalent — a  mode  of  action  which  gives  rise  to  a  very 
large  number  of  chlorinated  products  from  organic  substances. 

The  attraction  of  chlorine  for  hydrogen  enables  the  moist  gas  to  act  as 
an  oxidising  agent.  Thus,  if  marsh-g^s  and  chlorine  be  mixed  in  the 
presence  of  water,  and  exposed  to  daylight,  the  water  is  decomposed,  its 
hydrogen  combining  mth  the  clilorine,  and  its  oxygen  with  tbe  carbon 
of  the  marsh-gas;  C^H^  +  4H0  +  Cl^  =  200^  +  8HC1. 

103.  The  powerful  bleaching  effect  of  chlorine  upon  organic  colouring 
matters  is  now  easily  understood.  If  a  solution  of  chlorine  in  water  be 
poured  into  solution  of  indigo  {sulphindigotic  acid)  the  blue  colour  of  the 
indigo  is  discharged,  and  gives  place  to  a  comparatively  L'ght  yellow 
colour.  The  presence  of  water  is  essential  to  the  bleaching  of  indigo  by 
chlorine,  the  dry  gas  not  affecting  the  colour  of  dry  indigo.  The  indigo 
is  first  oxidised  at  the  expense  of  the  water  and  converted  into  isatine, 
which  is  then  acted  upon  by  the  chlorine  and  converted  into  chlorisatine, 
having  a  brownish  yellow  colour — 

+   2H0   -I-    CI,   =   Ci^H.NO,   +  2HC1. 

Isatine. 

HCl. 


Indigo. 
Isatine. 


CI3  = 


C,,H,C1N0, 

CWorlsatine. 


Nearly  all  vegetable  and  animal  colouring  matters  contain  carbon,  hydro- 
gen, nitrogen,  and  oxygen,  and  are  converted  by  moist  chlorine  into  pro- 
ducts of  oxidation  or  chlorination  which  happen  to  be  colourless,  or 
nearly  so. 

That  dry  chlorine  will  not  bleach,  may  be  shown  by 
shaking  some  oil  of  vitriol  in  a  bottle  of  the  gas,  and 
allowing  it  to  stand  for  an  hour  or  two,  so  tliat  the  acid 
may  remove  the  whole  of  tho  moisture.  If  a  piece  of 
crimson  paper  he  dried  at  a  moderate  heat  and  suspended 
in  the  bottle  while  warm,  it  will  remain  unbleached  for 
hours,  but  a  similar  piece  of  paper  suspended  in  a  bottle 
of  moist  chlorine  will  be  bleached  almost  immediately. 
If  characters  be  written  on  crimson  paper  with  a  wet 
brush,  and  the  paper  placed  in  a  jar  beside  a  bottle  of 
chlorine  (fig.  159),  it  will  be  found,  on  removing  the 
stopper,  tliat  white  characters  soon  make  their  appear- 
ance on  the  red  ground. 

If  a  collection  of  coloured  linen  or  cotton  fabrics,  or  of 
artificial  flowers,  be  exposed  to  the  action  of  moist  chlor- 
ine gas  or  of  chlorine  water,  those  which  are  dyed  with 
organic  colouring  matters  wiU  bo  bleached  at  once,  whilst 
,    _  the  mineral  colours  will  for  the  most  part  remain  un- 

altered. Green  leaves,  immersed  in  chlorine,  acquire  a  rich  autumnal  brown  tint, 
and  are  eventually  bleached.    AH  flowers  are  very  readily  bleached  by  this  gas. 


Fig.  159. 


CHLORIDE  OF  LIME. 
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Chlorine  is  very  extensively  employed  for  bleaching  linen  and  cotton, 
the  gas  acting  upon  the  colouring  matter  without  affecting  the  fibre,  but 
silk  and  wool  present  much  less  resistance  to  chemical  action,  and  would 
be  much  injured  by  chlorine,  so  that  they  are  always  bleached  by  sul- 
phurous acid. 

]S"either  chlorine  itself  nor  its  solution  in  water  can  be  very  conveniently 
employed  for  bleaching  on  the  large  scale,  on  account  of  the  irritating 
effect  of  the  gas,  so  that  it  is  usual  to  employ  it  in  the  form  of  Moride  of 
lime,  from  which  it  can  be  easily  liberated  as  it  is  wanted. 

104.  Cliloride  of  lime  or  bleaching  poivder  is  prepared  by  passing 
chlorine  gas  into  boxes  of  lead  or  stone  in  which  a  quantity  of  slaked 
lime  is  spread  out  upon  shelves.  The  lime  absorbs  nearly  half  its  weight 
of  chlorine,  and  forms  a  white  powder  which  has  a  very  peculiar  smell 
somewhat  different  from  that  of  chlorine.  The  chloride  of  lime  thus  pro- 
duced appears  to  consist  of  a  mixture  of  liypochlorite  of  lime  (CaO .  CIO) 
with  oxychloride  of  calcium  (CaCl .  2CaO),  the  action  of  chlorine  upon 
hydrate  of  Hme  being  represented  by  the  following  equation  : — 

4  (CaO.  HO)    +   01^=   (CaO.ClO  +  CaC1.2CaO)   +   4H0  . 

Hydrate  of  lime.  Chloride  of  lime. 

When  the  chloride  of  Hme  is  treated  with  water,  the  hypochlorite  of  lime 
(CaO  .  CIO)  and  chloride  of  calcium  (CaCl)  are  dissolved,  whilst  hydrate 
of  hme  is  left.  If  this  solution  be  added  to  blue  litmus,  it  wUl  be  found 
to  exert  little  bleaching  action,  but  on  adding  a  little  acid  (sulphuric,  for 
example),  the  blue  colour  will  be  discharged,  the  acid  setting  free  the 
chlorine,  which  acts  upon  the  colouring  matter, 

(CaO.ClO  +  CaCl)  +  2(HO.S03)  =  2(CaO.S03)  +  2H0  +  CL  . 

Solution  of  Chloride  of  lime. 

Even  carbonic  acid  will  develope  the  bleacliing  property  of  chloride  of 
lime,  so  that  the  above  mixture  may  be  decolorised  by  breathing  into  it 
through  a  glass  tube. 

"When  chloride  of  lime  is  used  for  bleaching  on  the  large  scale,  the  stuff 
to  be  bleached  is  first  thoroughly  cleansed  from  any  grease  or  weaver's  dress- 
''■JHI^  ty  boiling  it  in  lime-water  and  in  a  weak  solution  of  soda,  and  is  then 
unmersed  in  a  weak  solution  of  the  cliloride  of  lime.  This  by  itself,  how- 
ever, exerts  very  little  action  upon  the  natural  colouring  matter  of  the 
fibre,  and  the  stuff  is  therefore  next  immersed  in  very  dilute  sulphuric 
acid,  when  the  colouring  matter  is  so  far  altered  as  to  become  soluble  in 
the  alkaline  solution  in  which  it  is  next  immersed,  and  a  repetition  of 
these  processes,  followed  up  by  a  thorough  rinsing,  generally  perfects  the 
bleaching. 

The  property  possessed  by  acids  of  liberating  chlorine  from  the  chloride 
of  lime  is  applied  in  calico-printing  to  the  production  of  white  patterns 
upon  a  red  ground.  The  stuff  having  been  dyed  with  Turkey  red,  the 
pattern  is  imprinted  upon  it  with  a  diseharfje  consisting  of  an  acid  (tar- 
taric, phosphoric,  or  arsenic)  thickened  with  gum.  On  passing  the  fabric 
through  a  bath  of  weak  chloride  of  Ume,  the  colour  is  discharged  only  at 
those  parts  to  wliich  the  acid  lias  been  applied,  and  where,  consequently, 
chlorine  is  liberated.  ' 

The  explanation  above  given  of  the  bleaching  effect  of  chlorine  may 
probably  be  applied  also  to  its  so-called  disivfecting  properties.  The 
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atmosphere,  in  particular  localities,  is  occasionally  contaminated  with 
poisonous  substances,  some  of  which  are  known  only  by  their  injurious 
effects  upon  the  health,  their  quantity  being  so  small  that  tliey  do  not 
appear  in  the  results  of  the  analysis  of  such  air.  Since,  however,  these 
substances  appear  to  be  acted  upon  by  the  same  agents  which  are  usually 
found  to  decompose  organic  compounds,  they  are  commonly  believed  to 
be  bodies  of  this  class,  and  chlorine  has  been  very  commonly  employed  to 
combat  these  insidious  enemies  to  health,  since  Guyton  de  Morveau,  in 
the  latter  part  of  the  last  century,  made  use  of  it  to  destroy  the  odour 
arising  from  the  bodies  interred  in  the  vaults  beneath  the  cathedral  of 
Dijon. 

Among  the  offensive  and  unhealthy  products  of  putrefaction  of  animal 
and  vegetable  matter,  sulphuretted  hydrogen,  ammonia,  and  bodies  sinu- 
larly  constituted,  are  found.  That  chlorine  breaks  up  these  hydrogen 
compounds  is  well  known,  and  hence  its  great  value  for  removing  the 
unwholesome  properties  of  the  air  in  badly  drauied  houses,  &c. 

Chloride  of  lime  is  one  of  the  most  convenient  forms  in  which  to  apply 
chlorine  for  the  purposes  of  fimiigating  and  disinfecting.  If  a  cloth 
saturated  with  the  solution  be  suspended  in  the  air,  the  carbonic  acid 
causes  a  slow  evolution  of  hypochlorous  acid,  which  is  even  a  more 
powerful  disinfectant  than  chlorine  itself.  In  extreme  cases,  where  a 
rapid  evolution  of  chlorine  is  required,  the  bleaching  powder  is  placed  in 
a  plate,  and  diluted  sulphuric  acid  is  poured  over  it,  or  the  powder  may 
be  mixed  with  half  its  weight  of  powdered  alum  in  a  plate,  when  a  pretty 
rapid  and  regixlar  escape  of  chlorine  will  ensue. 

105.  The  discovery  of  chlorine  and  the  discussions  which  ensued  with 
respect  to  its  real  nature,  contributed  very  largely  to  the  advancement  of 
chemical  science.  About  the  year  1770,  the  SAvedish  chemist  Scheele  (who 
afterwards  discovered  oxygen),  first  obtained  chlorine  by  heating  man- 
ganese ore  with  muriatic  acid. 

The  construction  which'Scheele  put  upon  the  result  of  this  experiment 
was  one  which  was  consistent  with  the  chemistry  of  that  date.  He  sup- 
posed the  muriatic  acid  to  have  been  deprived  of  phlogiston,  and  hence 
chlorine  was  termed  by  him  dejMogistieated  muriatic  acid.  This  plilo- 
giston  had  long  been  a  subject  of  contention  among  philosophers,  having 
been  originally  assumed  to  exist  in  combination  with  all  combustible 
bodies,  and  to  be  separated  from  them  dming  their  combustion.  To- 
wards the  decline  of  the  phlogistic  theory,  attempts  were  made  to  prove 
the  identity  of  this  imaginary  substance  with  hydrogen,  which  shows 
how  very  nearly  Scheele's  reasoning  approached  to  the  truth,  even  with 
the  very  imperfect  light  which  he  then  possessed.  Berthollet's  'move- 
ment was  retrograde  when,  ten  years  afterwards,  he  styled  clilorure  oxy- 
genised  muriatic  or  oxymuriatic  acid,  but  the  experiments  of  Gay-Lussac 
and  Thenard,  and  more  particularly  those  of  Davy  in  1811,  jiroved  de- 
cisively that  hydrochloric  acid  was  composed  of  chlorine  and  hydrogen, 
and  that  the  effect  of  the  black  oxide  of  manganese  in  Scheele's  experi- 
ment was  to  remove  the  hydrogen  in  the  form  of  water,  thus  setting  the 
chlorine  at  liberty. 
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Sulphate  of  soda. 


Htdroohlortc  Acid. 

106.  This  acid  is  found  in  nature  among  the  gases  emanating  from 
active  volcanoes,  and  occasionally  in  the  spring  and  river  waters  of  vol- 
canic districts.  For  use  it  is  always  prepared  artificially  by  the  action 
of  sulphnric  acid  npon  common  salt — 

NaCl    +    HO.SO3    =    HCl    +  NaO.SOs 

Common  salt. 

the  sodium  of  the  common  salt 
changing  places  mth  the  hydro- 
gen of  the  sulphuaic  acid. 

300  grains  of  common  salt  (pre- 
viously dried  in  an  oven)  are  intro- 
duced into  a  dry  Florence  flask  (fig. 
160),  to  which  has  been  fitted,  by 
means  of  a  perforated  cork,  a  tube 
bent  twice  at  right  angles  to  allow 
the  gas  to  be  collected  by  downward 
displacement.  Six  fluid  drachms  of 
strong  sulphuric  acid  are  poured 
upon  the  salt,  and  the  cork  having 
been  inserted,  the  flask  is  very 
gently  heated  in  order  to  promote 
the  disengagement  of  the  hydro- 
chloric acid  gas,  which  is  collected 
in  a  perfectly  dry  bottle,  the  mouth 
of  which,  when  full,  may  be  covered 
with  a  glass  plate  smeared  with  a  little  grease, 
be  closed  with  a  perforated  card. 


Fig.  160. — Preparation  of  hydrochloric  acid  gas. 

While  being  filled,  the  bottle  may 

Common  salt  in  powder  sometimes  froths  to  a  very  inconvenient  extent  with  sul- 
phuric acid  ;  It  IS  therefore  often  preferable  to  employ  fragments  of  fused  salt,  pre- 
pared by  fusing  the  common  salt  in  a  clay  crucible,  and  pouring  on  to  a  clean  dry 
Scons. 

A  more  regular  supply  of  hydrochloric  acid  gas  is  obtained  from  li  oz.  of  sal- 
ammoniac  in  lumps,  and  IJ  oz.  (measured)  of  sulphuric  acid. 

The  bottle  -will  be  known  to  be  filled  with  gas  by  the  abundant  escape 
of  the  dense  fumes  which  hydrochloric  acid  gas,  itself  transparent,  pro- 
duces by  condensing  the  moisture  of  the  air ;  for  siace  the  gas  is  much 
heavier  than  air  (sp.  gr.  1-247),  it  will  not  escape  in  any  quantity  from 
the  bottle  until  the  latter  is  full.  The  odom-  of  the  gas  is  very  suffocat- 
ing, but  not  nearly  so  irritating  as  that  of  chlorine. 

The  powerful  attraction  for  water  is  one  of 
the  most  important  properties  of  hydrochloric 
acid  gas. 

If  a  jar  of  hydrochloric  acid  gas  be  closed  with  a 
glass  plate  and  inverted  under  water,  it  will  be  found, 
on  removing  the  plate,  that  the  gas  is  absorbed  with 
great  rapidity,  the  water  being  forced  up  into  the 
bottle  by  the  pressure  of  the  external  air  in  propor- 
tion as  the  gas  is  absorbed. 

A  Florence  flask  is  more  convenient  than  a  gas 
bottle  for  this  experiment.  It  must  bo  perfectly  dry, 
and  thoroughly  well  filled  with  the  gas,  which  may  be 
allowed  to  escape  abundantly  from  tlio  mouth.  The 
tube  delivering  the  hydrochloric  acid  gas  must  bo 
slowly  withdrawn,  so  that  the  vacancy  may  be  filled 
"y  gas  and  not  by  air.    The  flask  is  then  closed  with  tlie  thumb,  and  opened  under 
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Fig.  161. 
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water  which  will  enter  it  with  great  violence.    The  experiment  may  also  be  made 
as  in  the  case  of  ammonia  (fig.  161,  see  page  115). 

Tlie  liquid  hydrocliloric,  or  muriatic  acid  of  commerce,  is  a  solution  of 
tlie  asLS  in  water,  and  may  be  recognised  by  tbe  grey  fumes,  with  the 
pecidiar  odour  of  the  acid,  which  it  evolves  when  exposed  to  the  air.  One 
pint  of  water  at  a  temperature  of  40°  F.  is  capable  of  absorbing  480  pints 
of  hydrochloric  acid  gas,  forming  U  pmt  of  the  solution,  having  the 
specific  gravity  1-21.  The  strength  of  the  acid  purchased  in  commerce  is 
usually  Inferred  from  the  specific  gravity,  by  reference  to  tables  indi- 
cating the  weight  of  hydrochloric  acid  contained  in  solutions  of  difi'erent 
specific  gravities.  The  strongest  hydrochloric  acid  (sp.  gr.  1-21)  contains 
43  per  cent,  by  weight  of  the  gas.  The  common  acid  has  usually  a  bright 
yellow  colour,  due  to  the  accidental  presence  of  a  little  perchloride  of  iron 
(Fe.  CI3),  and  not  unfrequently  smells  of  chlorine. 

This  acid  is  produced  in  enormous  quantities  in  the  alkali  works,  where 
common  salt  is  decomposed  by  sulphuric  acid  in  order  to  convert  it  into 
sulphate  of  soda,  as  a  preliminary  step  to  the  production  of  carbonate  of 
soda.  The  alkali  manufactuier  is  compelled  to  condense  the  gas,  for  it 
is  found  to  wither  up  the  vegetation  in  the  neighbourhood.  For  this  pur- 
pose the  hydrochloric  acid  gas  is  drawn  up  from  the  furnace  through  ver- 
tical cylinders  filled  with  coke,  over  which  streams  of  water  are  made 
to  trickle.    The  water  absorbs  the  acid,  and  is  drawn  off  from  below. 

In  preparing  a  pure  solution  of  the  acid  for  chemical  use  on  a  small  scale,  the  gas 
prepared  as  above  may  be  passed  into  a  small  bottle  containing  a  very  little  water  to 
wash  the  gas  or  remove  any  sulphate  of  soda  which  may  splash  over,  and  then  into 
a  bottle  about  two-thirds  fiUed  with  distiUed  water,  the  tuhe  delivering  the  gas 
passing  only  about  inch  below  the  surface,  so  that  the  heavy  solution  of  hydro- 
chloric acid  may  fall  to  the  bottom,  and  fresh  water  may  be  presented  to  the  gas 
(fig  162).  For  ordinary  use,  an  acid  of  suitable  strength  is  obtained  bypassing 
the  gas  from  G  ounces  of  common  salt  and  10  ounces  of  sulphuric  acid  into  ?  (mea- 

sured)  ounces  of  water  until  its  bulk 
has  increased  to  8  ounces.   The  bottle 
^  containing  the  water  should  be  sur- 

rounded with  cold  water,  since  the  ab- 
sorption of  hydrochloric  acid  by  water 
is  attended  with  evolution  of  heat. 

When  the  concentrated  solution 
of  hydrochloric  acid  is  heated  in  a 
retort,  it  evolves  abundance  of  hy- 
drochloric acid  gas,  rendering  it 
probable  that  it  is  not  a  true  che- 
mical compound  of  water  with  the 
acid.  The  evolution  of  gas  ceases 
when  the  remaining  liquid  con- 
tains 20  per  cent,  of  acid  (and  has 
a  sp.  gr.  of  1-10).  If  a  weaker 
acid  than  this  be  heated,  it  loses 
water  until  it  has  attained  this  strength,  when  it  distils  unchanged.* 

The  concentrated  solution  forms  a  very  convenient  source  from  which  to  Focure 
the  gas.  It  may  bo  heated  in  a  flask,  and  the  gas  dried  by  passing  through  a  bottle 
filled  with  fragments  of  pumice-stone  wetted  with  concentrated  sulphuric  acid,  being 
collected  over  the  mercurial  trough  (fig.  163). 

*  The  proportion  of  acid  thus  retained  by  the  water  varies  directly  with  the  atmospheric 
pressure  to  which  it  is  exposed  during  the  distillation. 


Fig.  162.— Preparation  of  solution  of  hydro- 
chloric acid. 
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The  avidity  -with  ■which  water  absorbs  hydrochloric  acid  is  the  more 
remarkable,  because  this  gas  can  be  liquefied  only  nnder  a  very  high 
pressure,  amounting  at  the  ordinary  temperature  to  about  40  atmospheres. 


Fig.  163. 


The  liquefied  hydrochloric  acid  has  comparatively  little  action  even  upon 
those  metals  which  decompose  its  aqueous  solution  with  great  violence ; 
quick-lime  is  unafi"ected  by  it,  and  solid  litmus  dissolves  in  it  with  a  faint 
purple  colour,  instead  of  the  bright  red  imparted  by  the  aqueous  hydro- 
chloric acid.  (These  facts  answer  the  objection  that  anhydrous  sulphuric 
acid  (SO3)  cannot  be  considered  an  acid,  because  it  has  none  of  the  power- 
ful acid  characters  of  oil  of  vitriol,  since  it  cannot  be  doubted  that  hydro- 
chloric acid  is,  in  a  chemical  sense,  an  acid  in  its  anhydrous  state,  though 
it  manifests  its  acid  properties  only  when  water  is  present.) 

The  injurious  action  of  hydrochloric  acid  gas  upon  growing  plants  is 
probably  connected  with  its  attraction  for  water.  If  a  spray  of  fresh 
leaves  is  placed  in  a  bottle  of  hydrochloric  acid,  it  becomes  at  once  brown 
and  shrivelled. 

107.  Action  of  hydrochloric  acid  upon  metals. — Those  metals  which 
have  the  strongest  attraction  for  oxygen  will  also  generally  have  the 
strongest  attraction  for  chlorine,  so  that  in  respect  to  their  capability  of 
decomposing  hydrochloric  acid,  they  may  be  ranked  in  pretty  nearly  the 
same  order  as  in  their  action  upon  water  (p.  23).  Since,  however,  the 
attraction  of  chlorine  for  the  metals  is  generally  superior  to  that  of  oxygen, 
the  metals  are  more  easily  acted  upon  by  hydrocliloric  acid  than  by  water, 
the  metal  taking  the  place  of  the  hydrogen,  and  a  chloride  of  the  metal 
being  formed. 

Even  silver,  which  does  not  decompose  water  at  any  temperature,  is  dis- 
solved, though  very  slowly,  by  boUtng  concentrated  hydrochloric  acid,  the 
chloride  of  silver  formed  being  soluble  in  the  strong  acid,  though  it  may 
be  precipitated  by  adding  water. 

Gold  and  platinum,  however,  are  not  attacked  by  hydrochloric  acid,  but 
if  a  little  free  chlorine  be  present,  it  converts  them  into  chlorides. 

Iron  and  zinc  decompose  the  acid  very  rapidly  in  the  cold,  forming 
chlorides  of  iron  and  zinc,  and  liberating  liythogen  :  Fe  -f-  HCl  =  FeCl  -f-  H. 

When  potassium  or  sodium  is  exposed  to  hydrochloric  acid  gas,  it  im- 
mediately becomes  coated  with  a  white  crust  of  chloride,  which  partly 
protects  the  metal  from  the  action  of  the  gas,  but  when  those  metals  are 
heated  to  fusion  in  hydrochloric  acid  gas,  they  burn  vividly — 
Na    +    HCl    =    Ml    +  H. 
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The  composition  of  liydrochloric  acid  may  be  exliibited  by  confiumg 
a  measured  volume  of  tlie  gas  over  mercury  (see  fig.  73,  page  73), 
and  passing  up  a  freshly  cut  peUet  of  sodium.  On  gently  agitatmg  the 
tube,  the  gas  dimiaishes  in  volume,  and  after  a  time  will  have  contracted 
to  one-half,  and  wUl  be  foiuid  to  have  aU  the  properties  of  hydi'ogen. 
This  result  confirms  that  obtained  by  synthesis,  as  described  above,  that 
one  volume  of  hydrochloric  acid  contains  half  a  volume  of  hydrogen  and 
half  a  volume  of  chlorine. 

108.  Action  of  hydrochloric  acid  upon  metallic  oxides. — As  a  general 
rule  it  may  be  stated,  that  when  hydrochloric  acid  acts  upon  the  oxide  of 
a  metal,  the  results  are  water  and  a  chloride  of  the  metal  having  a  com- 
position which  corresponds  to  that  of  the  oxide. 

Thus,  oxide  of  silver  acted  on  by  hydrochloric  acid  gives  water  and 
chloride  of  silver;  AgO  -f  HCl  =  HO  -t-  AgCl. 

Suboxide  of  copper  (cuprous  oxide)  yields  water  and  subchloride  of 
copper  (cuprous  chloride) ;  Cu^O  -i-  HCl  =  HO  +  CrUjCl. 

Sesquioxide  of  iron  gives  water  and  sesquichloride  of  iron — 

Ee,03    ^    3HC1    =    3H0    +    Fe.Clg  . 
With  binoxide  of  tin,  water  and  bichloride  of  tin  are  obtained — 
SnO^    +    2HC1    =    2H0    +    SnCl,  . 

Teroxide  of  antimony  is  converted  into  water  and  terchloride  of  anti- 
mony; Sb03  -f  3HC1  =  3H0  +  SbClj. 

In  cases  where  the  corresponding  chloride  does  not  exist,  or  is  not  stable 
under  the  conditions  of  the  experiment,  a  chloride  is  formed  contaiiaiug 
less  chlorine  than  is  equivalent  to  the  oxygen  in  the  oxide,  and  the  bal- 
ance is  evolved  in  the  free  state.  Thus,  when  sesquioxide  and  binoxide 
of  manganese  are  heated  with  hydrochloric  acid — 

Mn^Og    +    3HC1    =    3H0    +    2  MnCl    +  CI 
MnO^     +    2HC1    =    2H0    +       ]\InCl    +  CI 
since  the  sesquichloride  and  bichloride  of  manganese  are  decomposed  by 
heat  into  the  chloride  (MnCl)  and  free  chlorine. 

Chromic  acid,  a  chloride  corresponding  to  which  is  not  known  to  exist, 
when-  heated  with  hydrochloric  acid,  yields  sesquichloride  of  chromium 
and  chlorine — 

2Cr03    +    6HC1    =    6H0    +    Cr^CL,    +    CL,  . 

Every  metallic  protoxide  (containing  one  equivalent  of  oxygen  ^^^th 
one  equivalent  of  a  metal)  has  a  corresponding  chloride  of  a  stable  cha- 
racter, but  the  higher  oxides  less  frequently  form  corresponding  chlorides 
with  any  stability. 

109.  Mjuivcdent  weights  of  hydrochloric  acid  and  of  chlorine. — It  is 
ascertained  by  experiment  that  30 -5  grains  of  hydrochloric  acid  are  re- 
quired to  neutraUse  one  equivalent  (47  grains)  of  potash.  The  number 
36-5,  therefore,  represents  the  equivalent  weight  of  hydrochloric  acid. 
When  water  is  decomposed  by  chlorine  (p.  142)  35-5  grams  of  chlorine  are 
required  to  displace  8  grains  (one  equivalent)  of  oxygen,  so  that  35-5  is  the 
equivalent  weight  of  chlorine.  By  measuring  35-5  grains  of  clilorine,  it 
is  found  to  occupy  Uv\cq.  the  volume  of  8  grains  of  oxygen,  so  that  if  1 
equivalent  of  oxygen  be  represented  to  occupy  one  volume,  1  eqmvalent 
of  chlorine  will  occupy  two  volumes,  Uke  the  equivalent  of  hych-ogen. 
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It  appears,  then,  that  two  volumes  (one  equivalent  or  1  part  by  weight) 
of  hydrogen  combined  witli  two  volumes  (one  equivalent  or  35 -5  parts  by 
weight)  of  chlorine,  form  four  volumes  (one  equivalent  or  36-5  parts  by 
weight)  of  hydi-ochloric  acid. 

On  the  assumption  that  1  part  by  weight  of  hydrogen  represents  1 
volume  or  1  atom,  35  -5  parts  by  weight  of  chlorine  wUl  also  represent  1 
volume  or  1  atom,  and  these  wiU  unite  to  form  2  volumes  or  1  molecule 
of  hydrochloric  acid.  The  molecular  formula  of  hydrochloric  acid  is, 
therefore,  identical  with  its  equivalent  formula,  HCl. 

110.  Types  of  atomic  formulce  ;  atomicity. — On  examining  the  composi- 
tion by  volume  of  hydrochloric  acid,  water,  ammonia,  and  marsh-gas,  it  is 
seen  that  equal  volumes  of  these  compounds,  measured  in  the  gaseous 
state  at  the  same  temperature  and  pressure,  contain  respectively,  1,  2,  3, 
and  4  volumes  of  hydrogen. 

Thus  2  volumes  of  hydrochloric  acid  gas  contain  1  volume  of  chlorine  and 

1  volume  of  hydi'ogen. 
2  volumes  of  watery  vapour  contain  1  volixme  of  oxygen  and  2 

volumes  of  hydrogen. 
2  volumes  of  ammonia  contain  1  volume  of  nitrogen  and  3  volumes 

of  hydrogen. 

2  volumes  of  marsh-gas  contain  1  volume  (?)  of  imaginary  carbon 
vapour  and  4  volumes  of  hydrogen. 

In  the  case  of  marsh-gas,  it  has  been  already  explained  that  the  volume 
occupied  by  a  given  weight  of  carbon  vapour  cannot  be  ascertained  by 
experiment,  but  there  are  reasons  to  justify  the  assumption  that  12  parts 
by  weight  of  carbon  vapour  would  occupy  the  same  volume  as  8  parts  by 
weight  of  oxygen.  In  the  other  cases,  the  above  statements  exhibit  the 
direct  results  of  experiments  previously  described. 

If  it  be  allowed  that  one  atom  of  each  element  occupies  one  volume, 
then  hydrochloric  acid,  water,  ammonia,  and  marsh-gas  will  contain,  for 
one  atom  of  cUorine,  oxygen,  nitrogen,  and  carbon,  respectively,  1,  2,  3, 
and  4  atoms  of  hydrogen,  or,  taking  the  symbol  for  each  element  to  re- 
present one  atom — 

Vols.  Weights. 
H=l      H  =  l 

Hycbochloric  acid  =  CIH  =  HCl  =  2  =  36-5 

Water  =  ^HH        =  H^O  =  2  =  18 

Ammonia  =  NHHH     =  H^N  =  2  =  17 

Marsh-gas  =  €HHHH  =  H,e  =  2  =  16 

Since,  on  the  atomic  theory,  liydrogen  is  accei^ted  as  the  unit  of  atomic 
weight  and  volume,  it  appears  reasonable  to  fix  upon  it  as  representing 
the  unit  of  combining  power,  and  to  classify  the  elements  according  to  the 
tendency  of  their  atoms  to  imitate  the  combining  power  of  one  or  more 
atoms  of  hydrogen. 

By  the  atonuidty  of  an  element,  is  meant  the  number  expressing  tlie 
liydrogen-atoms  to  which  one  atom  (or  volume)  of  that  element  is  usually 
oqnivalent. 

Thus,  the  atomicity  of  chlorine  is  =  1,  for  one  volume  (or  atom)  of  this 
clement  not  only  combines  witli,  and  neutralises  tljo  properties  of,  one 
atom  (or  volume)  of  hydrogen,  but  is  capable  of  representing,  or  occupy- 
ing the  place  of,  one  atom  of  hydrogen  in  its  compounds  (see  p.  144). 
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The  atomicity  of  oxygen  is  =  2,  since  one  volume  (or  atom)  of  oxygen 
combines  witli,  and  neutralises  two  atoms  (or  volumes)  of  hydrogen  in 
water,  and  is  generally  capable  of  occupying  the  place  of  two  atoms  of 
hydrogen  in  the  compounds  of  that  element. 

The  atomicity  of  nitrogen  is  =  3,  for  one  volume  (or  atom)  of  nitrogen 
neutralises  the  properties  of  three  atoms  (or  volumes)  of  hydrogen  in  am- 
monia, and  is  often  found  to  occupy  the  place  of  three  atoms  of  hydrogen 
in  its  compounds. 

The  atomicity  of  carbon  is  =  4,  for  one  volume  (or  atom)  of  imaginary 
carbon  vapour  is  combined,  in  marsh-gas,  with  four  atoms  (or  volumes)  of 
hydrogen,  and  in  its  compounds  with  other  elements,  one  atom  of  carbon 
is  usually  foimd  representing  four  atoms  of  hydrogen. 

Since  hydrochloric  acid,  water,  ammonia,  and  marsh-gas  are  the  most 
conspicuous  members  of  large  classes  of  chemical  compounds,  they  are 
often  referred  to  as  types,  and  the  elements,  chlorine,  oxygen,  nitrogen, 
and  carbon,  are  taken  as  the  representatives  of  the  various  classes  into 
which  the  elements  are  divided  according  to  their  atomicities. 

Chlorine  is  the  type!  of  one-atom  elements  (technically  called  mo7i-atoinic, 
uni-equivalent,  monad  elements),  the  atomic  weights  of  which  are  repre- 
sented by  the  same  numbers  as  their  equivalent  weights. 

Oxygen  is  the  type  of  two-atom  elements  {di-atomic,  ii-equivalent,  dyad 
elements),  of  which  the  number  representing  the  equivalent  weight  is 
half  of  that  which  represents  the  atomic  weight. 

Equivalent  of  oxygen  =  0  =  8. 
Atom  of  oxygen         =  0  =  16. 

Mtrogen  is  the  type  of  three-atom  elements  {tri-atomic,  ter-equivalent, 
triad  elements),  of  which  the  number  representing  the  equivalent  weight 
is  commonly  taken  as  identical  with  that  which  represents  the  atomic 
weight,  though  if  the  equivalentic  system  were  rigorously  carried  out,  the 
equivalent  should  be  one-third  of  the  atomic  weight. 

Carbon  is  the  type  of  four-atom  elements  {tetratomic,  quadrequivalent, 
tetrad  elements),  of  which  the  number  representing  the  equivalent  weight 
ought  to  be  one-fourth  of  that  which  expresses  the  atomic  weight,  whereas 
it  is  usually  represented  as  half  that  number. 

Equivalent  of  carbon  =  C  =  6. 
Atom  of  carbon         =  ©  =  12. 

Such  anomalies  as  these  are  unavoidable  during  the  present  transitional 
l)eriod  through  which  chemistry  appears  to  be  passing  towards  the  ulti- 
mate adoption  of  atomic  (or  molecular)  formnlfe  in  the  place  of  equivalent 
formulee,  a  change  which  offers  dazzling  prospects  of  advantage  in  specu- 
lative chemistry,  but  will  probably  be  of  less  service  in  practice  than 
the  preservation  of  equivalent  formulas,  so  corrected  as  to  remove  the 
anomalies  presented  in  some  few  cases. 

The  experience  of  the  last  few  years  seems  to  warrant  the  belief,  that  it 
"will  be  long  before  experiment  (the  only  possible  final  resort  for  the 
chemist)  has  so  far  removed  the  exceptions  to  the  atomic  formulas  which 
OTe  presented,  in  some  cases,  by  the  gaseous  volumes  and  specific  heats  of 
the  elements,  that  these  formulas  can  be  said  to  present  us  with  so  true 
a  record  of  the  actual  results  of  experiment  as  to  console  us  for  the  loss  of 
th(5  greater  simplicity  and  practical  utility  of  the  equivalent  formulas. 

It  is  remarkable  that  the  four  elements,  hydrogen,  oxygen,  nitrogen, 
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aud  carbon,  wMcIi  compose  the  cliief  part  of  living  matter,  are  respectively 
monatomic,  diatomic,  triatomic,  and  totratomic  elements. 

In  speculations  relating  to  the  atomic  structure  of  compounds,  it  is 
now  usual  to  represent  graphically  the  atomicity  of  each  element ;  thus  a 
monatomic  element,  like  hydrogen,  is  represented  as  affording  one  point 
of  attachment,  which  may  he  indicated  by  writing  the  symbol  H — ;  a 
diatomic  element,  like  oxygen,  affords  two  points  of  attachment,  as  shown 
by  writing  its  atomic  symbol  — 0 — ;  accordingly,  to  form  water,  the  dia- 
tomic oxygen  attaches  to  itself  two  atoms  of  hydrogen,  as  represented  by 
the  molecular  formula  H — B — H,  whereas  in  the  peroxide  of  hydrogen 
(Hj^,,)  the  second  atom  of  oxygen  is  only  held  by  one  point  of  attach- 
ment, so  that  the  graphic  expression  H — 0 — H — O —  accounts  at  once 
for  its  tendency  to  decompose  into  water  and  free  oxygen.    A  triatomic 

element,  such  as  nitrogen,  has  three  points  of  attachment  ^IST — ,  and 


thus  in  ammonia,  attaches  to  itself  three  atoms  of ,  hydrogen  "^^N- 


-H. 


The  tetratomic  element,  carbon,  affords  four  points  of  attachment  ^G^C^ 


H\  „  /H 

3  represented  by 

{GQ,}  by  0<  )>e<  y&. 


and  thus  marsh-gas  (^H^)  is  represented  by  >  and  carbonic  acid 


Compounds  of  Chloeik'e  with  Oxygen. 

111.  It  is  worthy  of  notice  that  whilst  chlorine  and  hydrogen  so  readily 
imite,  there  is  no  method  by  which  chlorine  can  be  made  to  combine  in  a 
direct  manner  with  oxygen,  all  the  compounds  of  these  elements  having 
been  hitherto  obtained  only  by  indirect  processes.  An  excellent  illustra- 
tion is  thus  afforded  of  the  fact,  that  the  more  closely  substances  resemble 
each  other  in  their  chemical  relations,  the  less  wiU  be  their  tendency  to 
combine,  for  chlorine  and  oxygen  are  both  highly  electronegative  bodies, 
and  therefore,  having  both  a  powerful  attraction  for  the  electropositive 
hydrogen,  their  attraction  for  each  other  is  of  a  very  low  order. 

The  following  table  exhibits  the  compounds  formed  by  one  equivalent 
of  chlorine  with  different  proportions  of  oxygen.  Those  distinguished  by 
a  note  of  interrogation  have  not  been  obtained  in  a  separate  state,  though 
there  is  good  reason  for  believing  them  to  exist : — 


Oxides  of  Chlorine. 


Equlviilent 

By  WeiEht 

Name. 

Formula. 

CI 

0 

Hypoclilorous  acid    .  . 

CIO 

35-5 

8 

Chlorous  acid  .... 

CIO, 

35-5 

24 

Chloric  peroxide    .    .  . 

CIO, 

35'5 

82 

Chloric  acid  ?    .    .    .  . 

CIO, 

85-5 

40 

Perchloric  acid  ?    .    .  . 

CIO; 

35-5 

66 
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HYPOCHLOKOUS  ACID. 


•  112.  Hi/pocJilorous  acid  is  of  some  practical  interest  as  one  of  the 
constituents  of  chloride  of  lime,  chloride  of  soda,  and  other  bleaching 
compounds.  It  is  prepared  by  passing  dry  chlorine  gas  over  dry  preci- 
pitated oxide  of  mercury,  and  condensing  the  product  in  a  tube  sur- 
rounded with  a  niixtm-e  of  ice  and  salt — 

HgO     +     CI2    =    HgCl    +     CIO  . 

Oxide  of  mercury.  Chloride  of  mercury. 

The  hypochlorous  acid  is  thus  obtained  as  a  deep  red  liquid,  which  boUs 
at  19°  F.,  evolving  a  yellow  vapoui'  thrice  as  heavy  as  air,  and  ha%'ing  a 
very  powerful  and  peculiar  odour.  Tliis  vapour  is  remarkably  explosive, 
the  heat  of  the  hand  having  been  known  to  cause  its  separation  into  its 
constituents,  when  two  volumes  of  the  vapour  yield  two  volumes  of 
chlorine  and  one  volume  of  oxygen.  As  might  be  expected,  most  sub- 
stances which  have  any  attraction  for  oxygen  or  chlorine  Avill  decompose 
the  gas,  sometimes  with  explosive  violence.  Even  hydrochloric  acid  de- 
composes it ;  one  volume  of  hypochlorous  acid  gas  is  entirely  decom- 
posed by  two  volumes  of  hydrochloric  acid,  yielding  water  and  chlorine — 

CIO     +     HCl    =    HO     +     CI,  . 

Hypochlorous  acid  is  a  powerful  bleaching  agent,  both  its  chlorine  and 
oxygen  acting  upon  the  colouring  matter  in  the  manner  explained  at 
page  144. 

Hypochlorous  acid  is  absorbed  in  large  quantitj''  by  water.  The  solu- 
tion may  be  very  readily  prepared  by  shaking  the  red  oxide  .of  merciu-y 
with  water  in  a  bottle  of  chlorine  as  long  as  the  gas  is  absorbed.  The 
greater  part  of  the  chloride  of  mercury  which  is  produced,  combines  with 
the  excess  of  oxide  of  mercury  to  form  a  brown  insoluble  oxy chloride, 
whilst  the  hypochlorous  acid  and  a  little  chloride  of  mercury  remain  in 
solution.  This  solution  is  a  most  powerful  oxidising  and  bleaching  agent ; 
it  erases  writing  ink  immediately,  and  does  not  corrode  the  paper  if  it  be 
carefully  washed.  Printing  ink,  which  contains  lamp-black  and  gi'ease,  is 
not  bleached  by  hypochlorous  acid,  so  that  tliis  solution  is  very  useful 
for  removing  ink  stains  from  books,  engravings,  &c. 

The  action  of  some  metals  and  their  oxides  upon  solution  of  hypo- 
chlorous acid  is  instructive.  Iron  seizes  upon  the  oxygen,  whilst  the 
chlorine  is*liberated  ;  copper  takes  both  the  oxygen  and  chlorine,  whilst 
silver  combines  with  the  chlorine  and  liberates  oxygen.  Oxide  of  lead 
(PbO)  removes  the  oxygen,  becoming  peroxide  of  lead  (Pb02),  and  libe- 
rating chlorine,  but  oxide  of  sUver  converts  the  chlorine  into  chloride  of 
silver,  and  liberates  the  oxygen ;  AgO  +  CIO  =  AgCl  +  0,. 

The  salts  of  hypochlorous  acid,  or  hypochlorites,  are  not  laiown  in  a 
pure  state,  but  are  obtained  in  solution  by  neutralising  the  solution'  of 
hypochlorous  acid  with  bases.  They  are  decomposed  even  by  carbonic 
acid,  with  liberation  of  hypochlorous  acid. 

When  the  solution  of  a  hypochlorite  is  boiled,  it  becomes  converted 
into  a  mixture  of  chloride  and  chlorate ;  thus — 

3(K0.C10)  =  KO.CIO,  -f  2KC1. 

„      , ,    .1     -     .    ,         Clilorate  of  Cliloride  of 

Hypochlorite  of  potash.  j,^^,^^,,  potassium. 

This  cliangc  is  turned  to  practical  account  in  the  manufactiu'c  of  clilorate 
of  potash.    It  is  much  hindered  by  the  presence  of  an  excess  of  alkali. 


CHLORATE  OF  POTASH. 
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The  sohition  of  hypochlorous  acid  itself,  -when  exposed  to  light,  is  decom- 
posed into  chloric  acid  and  free  chlorine — 

5  CIO   +  HO  =  HO .  CIO5  +  CI, 

Chloride  of  lime  (see  p.  145)  is  the  most  important  compound 
containing  hypochlorous  acid.  Its  formula  has  akeady  heen  given  as 
CaO.  CIO  +  CaCl.  2CaO  +  4Aq,  showing  it  to  he  a  mixture  of  hypo- 
chlorite of  lime  with  oxychloride  of  calcium.  When  this  compound  is 
distilled  with  a  smaU  quantity  of  diluted  sidphuric  acid,  a  solution  of 
hypochlorous  acid  is  obtained ;  hut  if  an  excess  of  acid  he  used,  the  chlo- 
ride of  calcium  is  decomposed,  furnishing  hydrochloric  acid,  which  acts 
upon  the  hypochlorous  acid,  and  free  chlorine  is  the  result.  Alcohol, 
although  capable  of  dissolving  chloride  of  calcium,  does  not  extract  that 
salt  from  bleaching  powder,  because  it  is  combined  with  lime ;  hut  an 
excess  of  water  decomposes  the  compound  of  chloride  of  calcium  with 
lime,  and  dissolves  the  former. 

Bleaching  powder  is  liable  to  decomposition  when  kept,  its  hypochlorite 
of  lime  evolving  oxygen,  and  becoming  converted  into  chloride  of  calcium, 
which  attracts  moisture  greedily,  and  renders  the  bleaching  powder  deli- 
quescent. It  has  been  known  to  shatter  the  glass  bottle  in  which  it  was 
preserved,  in  consequence  of  the  accumulation  of  oxygen. 

When  a  solution  of  a  salt  of  manganese  or  cobalt  is  added  to  solution 
of  chloride  of  lime,  a  black  precipitate  of  binoxide  of  manganese  or  sesqui- 
oxide  of  cobalt  is  obtained,  the  oxide  of  manganese  or  of  cobalt  acquiring 
additional  oxygen  from  the  hypochlorite  of  lime,  and  forming  an  oxide 
which  is  indifferent,  and  does  not  remain  in  combination  with  the  acid. 
If  this  precipitate  be  boiled  with  an  excess  of  the  solution  of  chloride  of 
lime,  it  causes  a  rapid  disengagement  of  oxygen  in  some  manner  that  has 
not  yet  been  clearly  explained. 

Large  quantities  of  oxygen  are  easily  obtained  by  adding  a  few  drops  of 
solution  of  nitrate  of  cobalt  to  solution  of  cliloride  of  lime,  and  applying  a 
gentle  heat. 

Hijpochlorite  of  soda,  which  is  very  useful  for  removing  ink,  is  prepared 
in  solution  by  decomposing  solution  of  chloride  of  lime  with  solution  of 
carbonate  of  soda,  and  separating  the  carbonate  of  lime  by  filtration.  The 
solution  is  generally  called  "  chloride  of  soda." 

113.  Chloric  acid. — This  acid  is  appropriately  studied  here,  since  its 
compounds  are  usually  obtained  by  the  decomposition  of  the  hypochlorites. 
The  only  compound  of  chloric  acid  which  possesses  any  great  practical 
importance  is  the  chlorate  of  potash  (KO  .  ClOJ,  which  is  largely  em- 
ployed as  a  source  of  oxygen,  as  an  ingredient  of  several  exjilosive  com- 
positions, and  in  the  manufactirre  of  lucifer  matches. 

Chlorate  of  potash. — The  simplest  method  of  obtaining  this  salt  con- 
sists in  passing  an  excess  of  chlorine  rapidly  into  a  strong  solution  of 
hydrate  of  potash,  when  the  liquid  becomes  hot  enough  to  decompose  tlie 
hypochlorite  of  potash  first  formed,  into  chloride  of  potassium,  which 
remains  in  solution,  and  chlorate  of  potash,  which  is  deposited  in  tabular 
crystals,  the  ultimate  result  being  expressed  by  the  equation — 

6(K0 .  HO)  +  Cl„  =  KO .  C10«  +  5KC1  +  6H0  . 
If  carbonate  of  potash  or  a  weak  solution  of  hydrate  of  potash  be  employed, 
the  liquid  will  require  boihng  after  saturation  with  chlorine,  in  order  to 
convert,  the  hypochlorite  into  chlorate. 
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PKEPAEATION  OF  CHLORATE  OF  POTASH. 


The  following  proportions  will  be  found  convenient  for  tlie  preparation  of  chlorate  of 

potash  on  the  small  scale  as  a  laboratory  experiment. 
300  grains  of  carbonate  of  potash  are  dissolved,  in  a 
beaker,  with  two  measured  ounces  of  water.  600 
grains  of  common  salt  are  mixed  with  450  grain.s  of 
binoxide  of  manganese,  and  very  gently  heated  in 
a  flask  (fig.  164)  with  a  mixture  of  ounce  (mea- 
sured) of  strong  sulphuric  acid  and  4  ounces  (mea- 
sured) of  water,  the  evolved  chlorine  being  passed 
through  a  rather  wide  bent  tube  into  the  solution 
of  carbonate  of  potash. 

At  first  no  action  will  appear  to  take  place, 
although  the  solution  absorbs  the  chlorine;  be- 
cause the  first  portion  of  that  gas  converts  the  car- 
bonate of  potash  into  a  mixture  of  hypochlorite  of 
potash,  chloride  of  potassium,  and  bicarbonate  of 
potash,  some  crystals  of  which  will  probably  be  de- 
Fig.  164.  posited— 

4(K0.C02)  +  CI2  +  2H0  =  KCl  +  KO.CIO  +  2(KO.H0.2C02)  . 

On  continuing  to  pass  chlorine,  these  crystals  will  redissolve,  and  brisk  effervescence 
will  be  caused  by  the  expulsion  of  the  carbonic  acid  from  the  bicarbonate  of  potash — 

2(K0 .  HO .  2CO2)  +  CI2  —  KCl  +  KO .  CIO  +  2H0  +  4CO2  . 

When  this  effervescence  has  ceased,  and  the  chlorine  is  no  longer  absorbed  by  the 
liquid,  the  change  is  complete,  the  ultimate  result  being  represented  by  the  equation — 
2(KO.C02)  +  CI2  =  KCl  +  KO.CIO  -1-  2CO2  . 

The  solution  (which  often  has  a  pink  colour,  due  to  a  little  permanganate  of 
potash)  is  now  poured  into  a  dish,  boiled  for  two  or  three  minutes,  filtered,  if  neces- 
sary, from  any  impurities  (silica,  &c.,)  derived  from  the  carbonate  of  potash,  and  set 
aside  to  crystallise.  The  ebullition  has  converted  the  hypochlorite  of  potash  into 
chlorate  of  potash  and  chloride  of  potassium — 

3(K0.C10)  =  KO.ClOg  +  2KC1. 

The  latter  being  soluble  in  about  three  times  its  weight  of  cold  water,  is  retained 
in  the  solution,  whilst  the  chlorate  of  potash,  which  would  require  about  sixteen 
times  its  weight  of  cold  water  to  hold  it  dissolved,  is  deposited  in  brilliant  rhom- 
boidal  tables.  These  crystals  may  be  collected  on  a  filter,  and  purified  from  the 
adhering  solution  of  chloride  of  potassium  by  pressure  between  successive  portions 
of  filter-paper.  If  they  be  free  from  chloride  of  potassium,  their  solution  in  water 
will  not  be  changed  by  nitrate  of  silver,  which  would  yield  a  milky  precipitate  of 
chloride  of  silver  if  that  impurity  were  present.  Should  this  be  the  case,  the  cry- 
stals must  be  redissolved  in  a  small  quantity  of  boiling  water  and  recrystallised. 

The  above  processes  for  preparing  the  chlorate  of  potash  are  far  from 
economical,  since  five-sixths  of  the  potash  are  converted  into  chloride, 
being  employed  merely  to  furnish  oxygen  to  convert  the  chlorine  into 
chloric  acid.  In  manufacturing  chlorate  of  potash  upon  the  large  scale,  a 
much  cheaper  material,  lime,  is  used  to  furnish  the  oxygen,  one  equivalent 
of  carbonate  of  potash  being  mixed  with  six  equivalents  of  slaked  lime, 
and  the  damp  mixture  satiu'ated  with  chlorine.  On  treating  the  mass 
with  boUing  water,  a  solution  is  obtained  wliich  contains  chlorate  of 
potash  and  chloride  of  calcium,  the  latter,  being  very  soluble,  remains  in 
the  liquor  from  which  the  chlorate  of  potash  crystallises  on  cooling.  The 
ultimate  result  of  the  action  of  clilorine  upon  the  mixture  of  carbonate  of 
potash  and  lime  is  thus  expressed — 

KO .  CO2  +  6CaO  -f  CI,  =  KO .  ClO^  +  5CaCl  +  CaO .  CO2  . 

A  still  cheaper  salt  of  potassium,  the  chloride,  has  recently  been  em- 
ployed with  great  economy  as  a  substitute  for  the  carbonate  of  potash. 
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The  solution  of  chloride  of  potassium  is  mixed  with  lime,  and  satuiated 
with  chlorine  in  close  leaden  tanks.  The  solution  is  filtered,  evaporated 
nearly  to  dryness,  and  redissolved  in  hot  water,  when  the  chlorate  of 
potash  crystallises  out  on  cooling.  The  chloride  of  calcium  is  precipi- 
tated by  carbonate  of  soda  to  obtain  precipitated  clialk. 

Anhycbous  chloric  acid  (ClO^)  has  never  been  obtained  in  the  separate 
state ;  but  its  hydrate  (HO .  CIO5)  may  be  procured  by  decomposing  a 
solution  of  chlorate  of  potash,  with  hydrofluosilicic  acid,  when  the  potas- 
sium is  deposited  as  an  insoluble  silico-fluoride,  and  hydrated  chloric  acid 
is  found  in  the  solution* — 

KO.CIO,     +     HF.SiF^     =     HO.CIO5     +  KF.SiFj. 

HydrofluosUicic  acid. 

On  evaporating  the  solution  at  a  temperature  not  exceeding  100°  F., 
the  hydi'ated  chloric  acid  is  obtained  as  a  yellow  Kquid  with  a  peculiar 
pungent  smell. 

In  its  chemical  characters,  hydrated  chloric  acid  bears  a  very  strong 
resemblance  to  hydi'ated  nitric  acid,  but  is  far  more  easily  decomposed. 
It  cannot  even  be  kept  unchanged  for  any  length  of  time,  and  at  tem- 
peratures above  104°  F.  it  is  decomposed  into  perchloric  acid,  chlorine, 
and  oxygen— 

2(H0 .  CIO5)    =    HO .  CIO7    +    HO    +     CI    -1-     O3  . 

Hydrated  chloric  acid  is  one  of  the  most  powerful  oxidising  agents. 
A  drop  of  it  will  set  fire  to  paper,  and  oxidises  phosphorus  (even  the 
amorphous  variety)  with  explosive  violence. 

CJilorates. — Chloric  acid,  like  nitric,  is  monobasic,  one  eqidvalent  (47 
parts)  of  potash  forming  a  neutral  salt  with  75 '5  parts  of  imaginary 
anhydrous  chloric  acid  (CIO5).  The  chlorates  resemble  the  nitrates  in 
their  oxidising  power,  but  generally  act  at  lower  tem- 
peratures, in  consequence  of  the  greater  facility  with 
which  the  chlorates  part  with  their  oxygen. 

A  grain  or  two  of  chlorate  of  potash,  rubbed  in  a  mortar  with 
a  little  sulphur,  for  example,  detonates  violently,  evolving  a 
powerful  odour  of  chloride  of  sulphur.  Chlorate  of  potash  and 
sulphur  were  used  in  some  of  the  first  percussion  caps,  but  being 
found  to  corrode  the  nipple  of  the  gun,  they  gave  place  to  the 
anticorrosive  caps  containing  fulminate  of  mercury. 

If  a  little  powdered  chlorate  of  potash  be  mixed,  on  a  card, 
with  some  black  sulphide  of  antimony,  and  wrapped  up  in  paper, 
the  mixture  will  detonate  when  striicli  with  a  hammer. 

A  mixture  of  this  description  is  employed  in  the  friction  tubes 
used  for  firing  cannon.  These  are  small  tubes  (A,  fig.  165)  of 
sheet  copper  (for  military)  or  of  quill  (for  naval  use),  filled 
with  gunpowder ;  in  the  upper  part  of  the  tubo  a  small  copper 
rasp  (B)  is  tightly  fixed  across  it,  and  on  each  side  of  the  rasp 
a  pellet  is  placed  containing  12  parts  of  chlorate  of  potash, 
12  of  sulphide  of  antimony,  and  1  of  sulphur,  these  ingredients 
being  worked  up  into  a  paste  with  a  solution  of  an  ounce  of 
shellac  in  a  pint  of  spirit  of  wine.  The  friction  tubo  is  fixed  in 
the  vent  of  tho  gun,  and  the  copper  rasp  quickly  withdrawn  by 
a  cord  in  the  hands  of  the  gunner,  when  tho  detonating  pellets 
explode  and  fire  the  powder. 

The  earliest  lucifer  matches  were  tipped  with  a  mixture  of  chlorate  of  potash, 
sulphide  of  antimony  and  starch,  and  were  kindled  by  drawing  them  briskly  through 
a  doubled  piece  of  sand-paper. 

*  440  grain  measures  of  hydrofluosilicic  acid  of  sp.  gr.  1078  will  decompose  100  grains 
of  clilorate  of  potash. 


Fig.  165. 
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COLOURED  laUES. 


At  high  temperatures  the  chlorates  act  violently  upon  comhustible 
bodies.  A  little  chlorate  of  potasli  sprinkled  upon  red-hot  coals  causes  a 
very  violent  deflagration.  If  a  little  chlorate  of  pot- 
ash be  melted  in  a  deflagrating  spoon,  and  plunged 
into  a  bottle  or  flask  containing  coal-gas  (fig.  166), 
the  salt  burns  with  great  brilliancy,  its  oxygen  com- 
bining with  the  carbon  and  hydrogen  in  the  gas, 
which  becomes,  in  this  case,  the  supporter  of  com- 
hustion.  The  flask  may  be  conveniently  filled  with 
coal-gas  by  inverting  it,  and  passing  a  flexible  tube 
from  the  gas  pipe  up  into  it. 

Chlorate  of  potash  is  much  used  in  the  manufac- 
ture of  fireworks,  especially  as  an  ingredient  of 
coloiu'ed  fire  compositions,  which  generally  consist 
of  chlorate  of  potash  mixed  with  suljjhur,  and  with 
some  metallic  compound  to  produce  the  desired 
colour  in  the  flame.  They  are  not  generally  made 
of  the  best  quality  on  the  small  scale,  from  want  of  attention  to  the  very 
finely  powdered  state  of  the  ingredients,  the  absence  of  all  moisture,  and 
the  most  intimate  mixture. 

If  these  precautions  be  attended  to,  tlie  following  prescriptions  will  give  very  good 
coloured  fires : — 

Red  fire. — 40  grains  of  nitrate  of  strontia,  thoroughly  dried  over  a  lamp,  are  mixed 
with  10  grains  of  chlorate  of  potash,  and  reduced  to  the  finest  possible  powder.  In 
another  mortar  13  grains  of  sulphur  are  mixed  with  4  grains  of  black  sulphide  of 
antimony  (crude  antimony).  The  two  powders  are  then  placed  upon  a  sheet  of 
paper,  and  very  intimately  mixed  with  a  bone  knife,  avoiding  any  great  pressure. 
A  little  heap  of  the  mixture  touched  with  a  red-hot  iron  ought  to  burn  with  a 
uniform  red  flame,  the  colour  being  due  to  the  strontium. 

Blue  fire.— lb  grains  of  chlorate  of  potash  are  mixed  with  10  grains  of  nitrate  of 
potash  and  30  grains  of  oxide  of  copper  in  a  mortar.  The  finely-powdered  mixture 
is  transferred  to  a  sheet  of  paper,  and  mixed,  by  a  bone  knife,  with  15  grains  of 
sulphur.    The  colour  of  the  fire  is  given  chiefly  by  the  copper. 

Gh-een  fire. — 10  grains  of  chlorate  of  baryta  are  mixed  with  10  grains  of  nitrate  of 
baryta  in  a  mortar,  and  afterwards,  on  paper,  with  12  grains  of  sulphur.  The  barium 
is  the  cause  of  the  bright  green  colour  of  the  flame. 

These  compositions  are  rather  dangerous  to  keep,  since  they  are  liable  to  spon-  • 
taneous  combustion. 

White  gunpowder  is  a  mixture  of  two  parts  of  chlorate  of  potasli  with  one  part  of 
dried  yellow  prussiate  of  potash,  and  one  part  of  sugar,  which  explodes  very  easily 
under  friction  or  percussion. 

The  decomposition  of  chlorate  of  potash  by  heat  into  oxygen  and  chlo- 
ride of  potassium  is  attended  with  evolution  of  heat,  unlike  most  cases  of 
chemical  decomjoosition,  in  which  heat  is  generally  absorbed.  If  chlorate 
of  potash  be  heated  to  the  point  at  which  it  begins  to  decompose,  and  a 
little  peroxide  of  iron  be  thrown  into  it,  enough  heat  Avill  be  evolved  to 
bring  the  mass  to  a  red  heat,  although  the  peroxide  of  iron  is  not  oxidised. 
Experiment  has  shown  that  one  part  of  chlorate  of  potash  evolves,  during 
decomposition,  nearly  39  units  of  heat,  or  enough  heat  to  raise  39  parts  of 
water  through  1°  C.  This  anomalous  evolution  of  heat  must  of  course 
contribute  to  increase  the  energy  of  explosive  mixtures  containing  the 
chlorate,  and  may  be  accounted  for  on  the  supposition,  that  the  heat  evolved 
by  the  combination  of  the  potassium  with  the  clilorine  to  form  cliloride  of 
potassium  exceeds  that  which  is  absorbed  in  effecting  the  chemical  disin- 
tegration of  the  chlorate. 


Fig.  166. 
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114.  Anhydrous  perchloric  acid  (ClO^)  is  not  known.  The  hydrated 
acid  is  obtained  by  eA^aporating  down,  at  a  boiling  heat,  the  solution  of 
chloric  acid  obtained  by  decomiDOsmg  chlorate  of  potash  with  hydrofiuo- 
sihcic  acicl  (see  p.  157),  when  the  chloric  acid  is  decomposed  into  per- 
chloric acid,  chlorine,  and  oxygen — 

2(H0.C10,)  =  H0.C10,  +  HO  +  CI  +  O3  . 

When  the  greater  part  of  the  water  has  been  boiled  off,  the  liquid  may  be  intro- 
duced into  a  retort  and  distilled.  After  the  remainder  of  the  water  has  passed  over 
it  IS  followed  by  a  heavy  oily  liquid  which  is  HO  .  CIO,  -)-  4H0.  If  this  be  mixed 
with  four  times  its  volume  of  strong  sulphuric  acid  and  again  distilled,  the  pure 
hydrated  perchloric  acid  (HO. 010.)  first  passes  over  as  a  yellow  watery  liquid 
If  the  distillation  be  continued,  the  oily  HO .  CIO,  -1-  4H0  distils  over,  and  if 
this  be  mixed  with  the  former  and  cooled,  it  yields  silky  crystals  containing 
HO. CIO,  +  2H0,  which  are  decomposed  at  230°  F.  into  H0.C10-,  which  may  be 
distilled  off,  and  HO  .  CIO,  +  4H0,  which  is  left  in  the  retort— 

2(H0.C10,  -)-  2H0)  =  HO.  CIO,  +  (HO.  CIO,  -1-  4H0)  . 

The  pui-e  hydrated  perchloric  acid  is  a  colourless,  very  heavy  liquid 
(sp.  gi-.  1-782),  which  soon  becomes  yellow  from  decomposition.  It 
cannot  be  kept  for  any  length  of  time.  When  heated  it  undergoes  de- 
composition, often  with  explosion.  In  its  oxidising  properties  it  is  more 
powerful  than  cMoric  acid.  It  burns  the  skin  in  a  very  serious  manner, 
and  sets  fire  to  paper,  charcoal,  &c.,  with  explosive  violence.  This  want 
of  stability,  however,  belongs  only  to  the  pure  hydrate.  If  water  be 
added  to  it  heat  is  evolved,  and  a  diluted  acid  of  far  greater  permanence 
is  obtained.  Diluted  perchloric  acid  does  not  even  bleach,  but  reddens 
htmus  in  the  ordinary  way. 

Percliloric  acid  is  monobasic.  The  ■perclilovates  are  decomposed  by 
heat,  evolving  oxygen,  and  leaving  chlorides  ;  thus— 

KO.CIO,  =  KCl  -I-  . 

PerchJorate  of  potash. 

The  perclilorate  of  potash  is  always  formed  in  the  first  stage  of  the  decom- 
position of  chlorate  of  potash  by  heat — 

2(K0 .  CIO,)  =  KO  .  CIO,  +  KCl  +  0,  . 

If  a  few  crystals  of  chlorate  of  potash  be  heated  in  a  test-tube,  they  first  melt  to 
a  perfectly  clear  liquid,  which  soon  evolves  bubbles  of  oxygen.  After  a  time  the 
liquid  becomes  pasty,  and  if  the  contents  of  the  tube,  after  cooling,  bo  dissolved  by 
boiling  with  water,  the  latter  will  deposit,  as  it  cools,  crystals  of  perchlorato  of 
potash.  These  are  readily  distinguished  from  chlorate  of  potash  by  their  not  yield- 
ing a  yellow  gas  (ClO^)  when  treated  with  strong  sulphuric  acid.  The  perchlorate 
of  potash  is  remarkable  as  one  of  the  least  solublapf  the  salts  of  potash,  requiring 
150  times  its  weight  of  cold  water  to  dissolve  it'.  Neither  perchloric  acid  nor  any 
of  its  salts  is  applied  to  any  useful  purpose. 

115.  Chloric  peroxide  or  peroxide  of  chlorine  is  dangerous  to  prepare  and  examine 
on  account  of  its  great  instability  and  violently  explosive  character.  It  is  obtained 
by  the  action  of  strong  sulphuric  acid  upon  chlorate  of  potash — 

3(K0  .  CIO.)  +  2(H0  .  SO3)  =  KO  .  CIO,  +  KO .  SO3,  HO  .  SO3  +  2010^+  HO  . 

Chlorate  of         „  ,  ,    ,      . ,      Perchlonitc  of        n,    ,  ,  .     r    »   ,        Chloric  per- 
potash.  Sulphuric  acid.  p^,,^,,,  Blsulphatc  of  potash.  ^J^j^I"-'- 

It  is  a  bright  yellow  gas,  with  a  chlorous  and  somewhat  aromatic  smell,  and  sp.  gr. 
2'82 ;  condensiblo  at  —4°  F.  to  a  red,  very  explosive  liquid.  Tho  gas  is  gradually 
decomposfid  into  its  elements  by  exposure  to  light,  and  a  temperature  of  140°  F 
causes  it  to  decompose  with  violent  explosion  into  a  mixture  of  chlorine  and  oxygen" 
tho  volume  of  which  is  oiie-tliird  greater  tlian  that  of  the  compound.  '  ' 

On  a  small  scale  chloric  peroxide  may  bo  prepared  with  safety  by  pouring  a  little 
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strong  sulphuric  acid  upon  one  or  two  crystals  of  chlorate  of  potash  m  a  test-tube 
supported  in  a  holder.  The  crystals  at  once  acquire  a  red  colour,  which  gradually 
diffuses  itself  through  the  liquid,  and  the  bright  yellow  gas  collects  in  the  tube.  If 
heat  be  applied,  the  gas  will  explode,  and  the  colour  and  odour  of  chloric  peroxide 
will  be  exchanged  for  those  of  chlorine.  If  the  chlorate  of 
potash  employed  in  this  experiment  contains  chloride  of 
potassium,  explosion  often  takes  place  in  the  cold,  since  the 
hydrochloric  acid  evolved  by  the  action  of  the  acid  upon  that 
salt  decomposes  a  part  of  the  chloric  peroxide,  and  thus  pro- 
vokes the  decomposition  of  the  remainder. 

Chloric  peroxide  is  easily  absorbed  by  water,  and 
tlie  solution  bas  powerful  bleacbing  properties.  Com- 
bustible bodies,  sucb  as  sulpbur  and  phosphorus,  de- 
compose the  gas,  as  might  be  expected,  with  great  vio- 
lence. This  powerful  oxidising  action  of  chloric  per- 
oxide upon  combustible  substances,  appears  to  be  the 

 ^  cause  of  the  property  possessed  by  mixtures  of  such 

Fiff  167  substances  with  chlorate  of  potash  to  inflame  when 

touched  with  strong  sulj)huric  acid. 

If  a  few  crystals  of  chlorate  of  potash  be  thrown  into  a  glass  of  water  (fig.  167), 
one  or  two  small  fragments  of  phosphorus  dropped  upon  them,  and  some  strong 
sulphuric  acid  poured  down  a  funnel  tube  to  the  bottom  of  the  glass,  the  chloric 
peroxide  will  inflame  the  phosphorus  with  bright  flashes  of  light  and  slight  detona- 
tions. 

Powdered  sugar,  mixed  with  chlorate  of  potash,  on  paper,  wiU  bum  brilliantly 
when  touched  with  a  glass  rod  dipped  in  strong  sulphuric  acid.  Matches  may  be 
prepared  which  inflame  when  moistened  with  sulphuric  acid,  by  dipping  the  ends  of 
splinters  of  wood  in  melted  sulphur,  and  when  cool,  tipping  them  with  a  mixture  of 
5  grains  of  sugar  and  15  grs.  of  chlorate  of  potash  made  into  a  paste  with  4  drops 
of  water.  When  dry  they  may  be  fired  by  dipping  them  into  a  bottle  containing 
asbestos  moistened  with  strong  sulphuric  acid.  These  matches,  under  the  names  of 
Eupyrion  and  Vesta  matches,  were  used  before  the  introduction  of  phosphorus  into 
general  use.  The  Promethean  light  was  an  ornamental  scented  paper  spill,  one  end 
of  which  contained  a  small  glass  bulb  of  sulphuric  acid  surrounded  with  a  mixture 
of  chlorate  of  potash  and  sugar,  which  inflamed  when  the  end  of  the  spill  was 
struck  or  squeezed,  so  as  to  break  the  bulb  containing  the  sulphuric  acid.  The  paper 
was  waxed  in  order  to  make  it  inflame  more  easily.  Percussion  fuzes,  &c.,  have 
been  often  constructed  upon  a  similar  principle. 

Chloric  peroxide  used  to  be  caUed  hypochloric  acid,  but,  like  nitric  per- 
oxide, it  appears  to  have  no  claim  to  be  considered  a  true  acid,  since,  in  con- 
tact with  the  alkalies,  it  yields  mixtures  of  chlorites  and  chlorates ;  thus — 

2C10,    +  2K0    =    KO .  CIO3    +    KO .  CIO,  . 

Euclilorine,  the  deep  yellow,  dangerously  explosive  gas  evolved  by  the 
action  of  strong  hydrochloric  acid  upon  cUorate  of  potash,  appears  to  be 
a  compound  of  chloric  and  chlorous  acids  (2CIO5 .  CIO3)  mixed  with  free 
chlorine. 

116.  Clilorous  acid  is  another  unstable  and  dangerously  explosive  gas, 
obtained  by  the  action  of  a  very  gentle  heat  upon  a  mixtm-e  of  tlu-ee  parts 
of  arsenious  acid,  four  of  clilorate  of  potash,  and  sixteen  of  diluted  nitric 
acid  (sp.  gr.^1-24) — 

KO.CIO,    +  -f    ASO3    +    2H0  = 

Chlorate  of  potash.  Nitric  acid.         Arsenious  acid. 

KO.NO,    +    SHO.AsO,  -1-  CIO,, 

Kitrate  of  potash.  Arsenic  acid.         Chlorous  acid. 

Chlorous  acid  is  a  deep  yellowish  green  heavy  gas  (sp.  gr.  2-65)  which 
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is  absorbed  by  water,  and  decomposed  even  more  easily  than  the  chloric 
peroxide.  It  is  a  weak  acid,  its  salts,  the  cMorites,  being  decomposed 
even  by  cai'bonic  acid.  A  mixtm-e  of  ice  and  salt  does  not  liquefy  chlorous 
acid,  but  an  intense  cold  condenses  it  to  a  red  liquid. 

117.  General  review  of  the  oxides  of  cJdorine— Several  points  of  resem- 
blance will  have  been  noticed  between  the  series  of  oxides  of  chlorine  and 
those  of  nitrogen,  but  the  former  are  much  less  stable  than  the  latter. 
Chlorous  acid  (CIO3),  hl^e  nitrous  acid  (NO3),  is  a  weak  acid;  chloric  per- 
oxide (ClOJ  is  easily  resolved  by  bases  into  chlorous  and  chloric  acids, 
just  as  nitric  peroxide  (NO^  is  resolved  into  nitrous  and  nitric  acids. 
The  hydrated  chloric  acid  (HO  .  CIO,)  is  a  powerful  oxidising  agent  hke 
hydi'ated  nitric  acid  (HO  .  JSTOJ,  and  the  chlorates  resemble  the  nitrates 
m  thek  solubility  in  water  and  their  oxidisiag  power.  The  composition 
by  volume  of  those  oxides  of  chlorine  which  are  known  ia  the  separate 
state,  is  exhibited  in  the  following  table  : — 


Equivt. 
Formula. 

Equivt. 
Weight. 

Equivt. 
Volume. 

By  Volume. 

CI 

0° 

Hypochlorous  acid  . 

CIO 

43-5 

2 

2 

1 

Chlorous  acid    .  . 

C103 

59-5 

3 

2 

3 

Chloric  peroxide  . 

CIO, 

67-5 

4 

2 

4 

The  relative  volumes  ia  which  the  chlorine  and  oxygen  are  united  are 
the  same,  therefore,  as  iu  the  corresponding  oxides  of  nitrogen,  but  the 
equivalent  volume  of  chlorous  acid  differs  from  that  which  is  usually 
;  assumed  for  nitrous  acid  (see  the  table  at  p.  137). 

On  the  hypothesis  that  each  atom  of  an  element  occupies  one  volume, 
the  molecular  (atomic)  formula  of  hypochlorous  acid  would  be  CljO,  that 
of  chlorous  acid  C\%  and  that  of  chloric  peroxide  or,  on  the  as- 

sumption that  the  compound  molecule  occupies  only  two  volumes,  CIB^. 

Some  chemists  refuse  to  regard  the  hypochlorites,  chlorites,  chlorates, 
and  perchlorates  as  composed  of  basic  oxides  imited  with  hypochlorous, 
chlorous,  (hypothetical)  chloric,  and  {hyjpothetical)  perchloric  acids  respec- 
tively, but  consider  them  as  derived  from  i^iypothetical)  hydrated  hypo- 
chlorous acid  (HO .  CIO  or  HCIO^),  {hypothetical)  hydrated  chlorous  acid 
(HO .  CIO3  or  HCIOJ,  hydrated  chloric  acid  (HO .  CIO,  or  HC10„),  and 
hycbatcd  perchloric  acid  (HO .  ClOj  or  HCIOJ,  by  the  substitution  of 
metals  for  the  hydrogen  contained  in  those  compounds.  Thus  hypo- 
chlorite of  Umo  (CaO .  CIO)  would  become  CaClO^,  chlorate  of  potash 
(KO,  CIO,)  would  be  KC10„,  &c. 

Against  the  first  view  it  may  be  plausibly  advanced,  that  we  are  unac- 
quainted with  the  compounds  CIO,  and  ClOj,  and  against  tlie  second,  that 
HClOj  and  HCIO,  are  at  present  unknown.  Moreover,  if  these  formulas 
represented  the  true  constitution  of  the  acids,  it  would  bo  expected  that 
their  solutions  in  water  should  tend  to  decompose  into  hydrocliloric  acid 
and  free  oxygen,  which  is  not  the  case. 


h 
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Chlorides  of  Carbon. 

118.  It  has  already  been  seen  that  chlorine  bas  no  du-ect  attraction  for 
carbon,  the  two  elements  not  being  known  to  enter  into  direct  combina- 
tion, but  several  chlorides  of  carbon  may  be  obtained  by  the  action  of 
chlorine  upon  other  compounds  of  carbon.  Thus,  if  Dutcb  bquid 
(C  H^CL,),  produced  by  the  combination  of  defiant  gas  with  chlorine 
(p.*  86),  be  acted  upon  with  an  excess  of  chlorine  in  sunlight,  the  whole 
of  its  hydrogen  is  removed  in  the  form  of  hydrochloric  acid,  and  an  equi- 
valent amoimt  of  chlorine  is  substituted  for  it,  yielding  the  sesquicJdoride 
of  carbon  (C^CIJ — 

CJlf\  +  CI3  =  C,C1«  +  4HC1 . 

Sesquichloride  of  carbon  is  a  wliite  crystalline  solid,  -with  an  aromatic 
odoui-  rather  like  that  of  camphor.  It  fuses  at  320°  F.,  and  boils  at  360°, 
subliming  unchanged.  It  is  not  dissolved  by  water,  but  is  soluble  in 
alcobol  and  ether. 

"When  the  vapour  of  sesquichloride  of  carbon  is  passed  througb  a  tube 
containing  fragments  of  glass  heated  to  redness,  it  is  decomposed  into 
chlorine  and  a  colourless  liquid,  which  is  the  protochloride  of  carhon 
(C^Cl,).  It  has  an  aromatic  odour,  and  boHs  at  248°  F. ;  is  heavier  than 
water  (sp.  gr.  1-5),  which  does  not  dissolve  it,  and  is  soluble  in  alcohol 
and  ether. 

By  passing  the  vapour  of  this  protochloride  of  carbon  through  tubes 
heated  to  bright  redness,  it  is  decomposed  into  chlorine  and  subcldoride  of 
carhon  (C^CIJ,  which  forms  silky  crystals  almost  free  from  odour,  insoluble 
in  water,  but  soluble  in  ether,  and  capable  of  being  sublimed  unchanged 
at  a  high  temperature.    It  burns  in  air  with  a  red  smoky  flame. 

Bichloride  of  carhon  (C^CIJ  has  been  mentioned  (p.  144)  as  the 


Fig.  168.— Preparation  of  bichloride  of  carbon. 


final  residt  of  the  action  of  clilorine  upon  marsh-gas  (CoHj)  and  upon 
chloroform  (C.2HCI.5).  It  is  easily  obtamcd  in  large  quantity,  by  passing 
chlorine  (dried  by  passing  through  a  tube  containmg  pumice  wetted  vni\x 
strong  sulphuric  acid)  (fig.  168)  tlu-ough  a  bottle  containing  bisidphide  of 
carbon,  and  afterwards  through  a  porcelain  tube  wapped  in  sheet  copper, 
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and  filled  witli  fragments  of  broken  porcelain,  maintained  at  a  red  lieat 
by  a  charcoal  or  gas  furnace,  and  condensing  the  products  in  a  bottle  sur- 
rounded by  ice.  A  mixtiu'e  of  bichloride  of  carbon  and  subchloride  of 
sidphur  is  thus  obtained — 

2C8,    +    CI,    =    C,C1,    +  2S,C1. 

Bisulpliide  of  carbon.  BicMoride  of      Subchloride  of 

carbon.  sulphur. 

By  shaking  this  mixtiu-e  with  solution  of  potash,  the  subchloride  of  sul- 
phiu-  IS  decomposed  and  dissolved,  whilst  the  bichloride  of  carbon  separates 
and  falls  to  the  bottom.  The  upper  layer  having  been  poured  off,  the 
bichloride  may  be  purified  by  distillation. 

Bichloride  of  carbon  is  a  coloiu-less  liquid  much  heavier  than  water 
(sp.  gi-.  1-6),  having  a  peculiar  odour,  and  boiling  at  172°  F.  It  may  be 
solidified  at  -  9°  F.  The  bichloride  is  insoluble  in  water,  but  dissolves 
in  alcohol  and  ether. 

By  the  action  of  chlorine  on  naphthalme  (C,„H,)  Laurent  obtained,  as 
the  ultimate  result,  a  crystalline  chloride  of  carbon  containino-  C  CI  to 
which  he  gave  the  name  cMonaphthalise.  ^  " 

It  wiU  be  noticed  that  each  of  the  compounds  of  chlorine  with  carbon, 
except  the  sesquichloride,  has  its  parallel  in  the  compounds  of  hvdrogen 
with  carbon  ;*  thus —  •  j  & 

Acetylene  C^H^  corresponds  to  subchloride  of  carbon  C.CL 
Oleflant  gas  C,H^  „  protochloride      „  C.CL 

Marsh-gas    C^H,  „  bichloride  „  C,C1, 

Jfirp*^^  P™^iPfl  i\eason  for  preferring  these  formulai.to  the  formulte 
C2CI,  CCl,  and  CClg,  is  that  this  correspondence  may  be  exhibited,  for 
smce  the  chlorides  of  carbon  are  indifferent  substances,  it  is  not  possible 
to  obtam  theu  equivalent  weights  by  direct  experiment,  as  in  the  case  of 
bases  or  acids. 

Composition  Inj  volume  of  the  chlorides  of  carlon.—The  composition 
of  the  chlorides  of  carbon,  as  determined  by  analysis,  has  been  confirmed 
by  the  observation  of  their  vapour  densities  (or  specific  gravities  of  their 
vapours),  except  in  the  case  of  the  subchloride,  of  which  the  vapour 
density  does  not  appear  to  have  been  correctly  ascertained. 

If  it  be  assumed  (see  p.  81)  that  6  parts  by  weight  (1  eq.)  of  carbon, 
if  converted  into  vapour,  would  occupy  2  vols.  (0  =  1  vol.),  then  the 
protochloride  of  carbon  would  contain  2  vols,  of  imaginary  carbon  vapour 
and  2  vols,  of  chlorine. 

The  specific  gravity  (or  weight  of  1  vol.)  of  imaginary  carbon  vapour 
bemg  -424,  and  that  of  chlorine  2-47— 

2  vols,  carbon  vapour  would  weigh  '848 
2  vols,  chlorine  „  4-940 

5-788 

The  weight  of  1  vol.  (sp.  gr.)  of  protocliloride  of  carbon  vapour  has 
been  found  to  be  5-82,  which  (allowing  for  experimental  errors)  is 
clearly  the  sum  of  these  weights.  Hence  the  weight  of  protocliloride  of 
carbon  represented  by  the  formula  CCl  occupies  1  vol.,  and  contains  2 
yols.  of  imaginary  carbon  vapour  and  2  vols,  of  chlorine.  But  if  the 
lormula  of  olefiant  gas  be  represented  as  C^H^  (28  parts  by  weight,  occu- 

»  1)^*1° °f  protoohloriclo  of  carbon  is  mixed  with  hydrogen,  and  naased  tlirnnM, 
«  red-ho  tube,  oleflant  gas  and  hydrochloric  acid  are  produced.^  The  biffirdfS, 
similar  circumstances,  yields  marsh-gas,  -ine  Dicmonde,  under 

L  2 
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pyiiig  4  vols. ;  0  =  1  vol.),  then  the  formula  of  protocliloride  of  carbon 
must  be  C^Cl^  (166-0  parts  by  weight,  occupying  4  vols. ;  0  =  1  vol.) 

It  has  also  been  found  that  the  weight  of  1  volume  (sp.  gr.)  of  the 
vapour  of  sesquichloride  of  carbon  is  8-157.  But  the  sum  of  the  weights 
of  4  vols.  (2  eqs.)  imaginary  carbon  vapour,  and  6  vols.  (3  eqs.)  chlorine, 
■would  be  16-516,  representing  2  vols,  of  C^Cl^  The  formula  C4CI5,  there- 
fore, would  represent  8  vols,  of  carbon  vapour  and  12  vols,  of  chlorine 
condensed  into  4  vols,  of  sesquichloride  of  carbon. 

The  history  of  sesquichloride  of  carbon  affords  an  instructive  instance 
of  the  influence  of  the  composition  by  volume  of  a  compound  upon  its 
properties.  By  passing  the  vapour  of  bichloride  of  carbon  through  a 
tube  heated  to  dull  redness,  a  Liquid  is  obtained  which  is  found  by 
analysis  to  contain  precisely  the  same  proportions  of  carbon  and  chlorine 
as  the  solid  sesquichloride  above  described,  but  the  specific  gravity  of  its 
vapour  is  only  4-082,  which  is  half  that  of  the  vapour  of  solid  sesqui- 
chloride of  carbon,  showing  that  in  the  liquid  compound  the  same  propor- 
tions of  carbon  vapour  and  chlorine  are  condensed  into  a  volume  twice  as 
large  as  in  the  solid  sesquicliloride,  4  vols,  of  the  vapour  of  the  liquid 
containing  4  vols,  imaginary  carbon  vapour,  and  6  vols,  chlorine,  and 
being  represented  by  the  formula  C2CI3. 

The  weight  of  1  volume  (sp.  gr.)  of  vapour  of  bicliloride  of  carbon  is 
5-3,  which  is  the  sum  of  1  vol.  imaginary  carbon  vapour  and  2  vols,  chlo- 
rine. The  formula  CClj,  therefore,  would  represent  (1  eq.)  2  vols,  of 
carbon  vapour  and  (2  eqs.)  4  vols,  of  chlorine  condensed  into  2  vols,  of 
bichloride  of  carbon ;  whilst  C^Cl^  represents  4  vols,  carbon  and  8  vols, 
chlorine  condensed  into  4  vols,  of  bichloride  of  carbon. 

Molecular  formulce  of  the  chlorides  of  carhon. — If  the  atom  of  carbon 
(©)  be  assumed  to  represent  12  parts  by  weight,  and  to  occupy  the  same 
volume  in  the  form  of  vapour  as  1  part  by  weight  of  hydrogen  (=1  vol. 
or  1  atom),  and  35-5  parts  by  weight  of  chlorine,  which  occupy  the  same 
volume  as  1  part  of  hydrogen,  be  taken  to  represent  one  atom,  the  mole- 
cular formulcB  of  the  chlorides  of  carbon  would  be- — 
Subchloride  of  carbon  ^-.^Cl^  corresponding  to  ^2^2  acetylene. 

Protochloride  of  carbon  „  olefiant  gas. 

Sesquichloride  of  carbon  (solid)  ■©2Clg 

(Kquid)eCl3 

Bichloride  of  carbon  601^  „  OH^  mai-sh-gas. 

And  each  of  these  formulae  would  represent  twice  the  volume  occupied  by 
one  atom  of  hydrogen,  that  is,  would  represent  two  volumes. 

The  following  table  exhibits  the  relations  between  the  equivalent  for- 
multe  and  the  molecular  formulse  of  the  chlorides  of  carbon  : — 


Chlorides  of  Carhon. 


Equivt. 
ForrmdsE. 

Equivt. 
Volume. 

Equivt. 
Weiglit. 

Molecular 
Foniiula;. 

Molecular 
Volume. 

Molecular 
Weiglit. 

Subcliloride  

C4CI2 

4? 

95-0 

2? 

95-0 

Protocliloride,  .... 

C4CI, 

4 

166-0 

e,ci4 

2 

166-0 

Sesquichloride  (solid),  . 

C4CI0 

4 

237-0 

GjClg 

2 

237-0 

»           (liquid),  . 

C2CI3 

4 

118-5 

2 

118-5 

Bichloride, 

C2CI4 

4 

:i640 

2 

1540 
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119.  Oxijchloride  of  carbon,  chlorocarhonic  add,  or  phosge^ie  gas,  is  pro- 
duced by  the  direct  coiubination  of  equal  volumes  of  carbonic  oxide  and 
cldoruie  gases  under  the  influence  of  sunlight  (whence  its  last  name), 
when  the  mixture  condenses  to  half  its  volume  of  a  colourless  gas,  having 
a  very  peculiar  pungent  smell,  and  fuming  strongly  when  exposed  to 
moist  air,  decomposing  the  moisture  and  producing  hydrochloric  acid; 
Ca.  CI  +  HO  =  CO2  +  HCl.  It  is  not  a  true  acid,  for  it  is  de- 
composed by  bases,  producing  chlorides  and  carbonates.  It  is  sometimes 
found  useful  in  chemical  research  for  removing  hydrogen  from  organic 
compounds,  and  introducing  carbonic  oxide,  or  its  elements,  into  its  place. 
Its  action  on  ammonia  afl;ords  an  example  of  this — 

4(NH3)    +    G.p.,.Gl,    =    CAH.if/  -f  2(NH3.HC1) 

Ure.1.  Hydrochlovate  of 

ammonia. 

in  which  two  equivalents  of  NHg  have  been  decomposed,  two  equivalents 
of  the  hycbogen  having  been  removed  in  the  form  of  hydrochloric  acid, 
and  replaced  by  two  equivalents  of  carbonic  oxide. 

From  this  and  similar  reactions,  it  is  inferred  that  the  true  equivalent 
fomnda  of  the  oxychloride  of  carbon  is  CjOjClj. 

120.  Cliloride  of  silicon,  unlUce  the  chlorides  of  carbon,  may  be  formed 
by  the  direct  union  of  silicon  with  chlorine  at  a  high  temperature,  but  it 
is  best  prepared  by  passing  dry  chlorine  over  a  mixture  of  artificial  silica 
and  charcoal,  heated  to  redness  in  a  porcelain  tube  connected  with  a 
receiver  kept  cool  by  a  freezing-mixtm-e.  Neither  carbon  nor  chlorine 
separately  will  act  upon  the  silica,  but  when  they  are  employed  to- 
gether, the  carbon  removes  the  oxygen  and  the  chlorine  combines  with 
the  sdicon — 

SiOg    +  +    C\    =     SiClg    -t-    2C0  . 

The  chloride  of  sUicon  is  a  colourless  heavy  liquid  (sp.  gr.  1-52)  which 
is  volatile  (boiling  point,  138°  F.),  and  fumes  when  exposed  to  air,  the 
moisture  of  which,  decomposes  it,  yielding  hydrochloric  and  silicic  acids — 

SiClg    +    2H0    =    SiOo    +    2HC1  . 

Athough  it  has  received  no  practical  application  on  a  large  scale,  the 
chloride  of  silicon  is  valuable  to  the  chemist  as  a  convenient  source  of 
compounds  of  silicon,  which  coidd  not  easily  be  procured  from  the  very 
unchangeable  silicic  acid. 

The  specific  gravity  (or  weight  of  one  volume)  of  vapour  of  chloride  of 
silicon  is  5-87.  Supposing  it  to  be  similarly  constituted  to  the  bichloride 
of  carbon,  this  would  contain  2  vols,  of  chlorine,  and  1  vol.  of  imaginary 
vapour  of  silicon.  Deducting  the  weight  of  2  vols,  chlorine  (4:'94)  from 
that  of  1  vol.  of  the  chloride  of  silicon  (5-87),  there  remains  0-93  for  the 
■weight  of  1  vol.  or  sp.  gr.  of  hypothetical  vapour  of  silicon. 

_  The  formula  SiCl^  would  represent  4  vols,  of  chlorine  (2  eqs.)  com- 
bined with  2  vols.  (1  eq.)  of  imaginary  vapour  of  silicon,  and  condensed 
into  a  space  of  two  volumes. 

Since  SiClg  represents  14  parts  by  weight  (1  eq.)  of  silicon  combined 
with  71  parts  (2  eqs.)  of  cldorino,  if  the  atom  of  silicon  be  assumed  to 
weigh  28  (see  p.  109),  it  would  be  combined  with  142  (4  atoms)  of  chlo- 
rine, and  the  atomic  (molecidar)  formida  of  th9  chloride  of  sdicon  woidd 
he  9iCl^  (9i  =  28.)  The  silicon,  here  occupying  the  i^laco  of  four  atoms 
of  hydrogen  in  hydrochloric  acid,  is  often  designated  a  tetratomic  element 
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(see  p.  151).  Those  clieinists  who  regard  silicic  acid  as  SiOg  of  course 
represent  the  chloride  of  silicon  as  SiClj. 

By  passing  hydrochloric  acid  over  silicon  heated  to  redness,  a  very  remarkable 
liquid  is  obtained,  which  is  much  more  volatile  than  the  chloride  of  silicon  (boiling 
point,  108°  F.),  and,  unlike  most  chlorine  compounds,  is  inflammable,  burning  with  a 
greenish  ilame,  and  producing  silica  and  hydrochloric  acid.  It  fumes  strongly  in  air, 
and  is  decomposed  by  water,  yielding  hydrochloric  acid,  and  the  substance  termed 
leukone.  The  composition  of  this  liquid  appears  to  be  SigHaClj,  and  its  production 
would  be  represented  by  the  equation  Si.,  +  5HC1  =  SigH^Clg  +  Hg.  Its  decom- 
position by  water  would  be  explained  by  the  equation— 

SigH^Clg    +    5H0    =    SigHjOs    +  5HC1. 

Leulcone. 

The  chloride  of  heron  (BClg)  is  similar  in  its  general  character  to  the 
chloride  of  silicon,  and  is  prepared  by  a  similar  process,  hut  it  is  a  gas 
instead  of  a  liquid  at  ordinary  temperatures. 

121.  Cliloricle  of  nitrogen  is  the  name  usually  given  to  the  very  explo- 
sive compound  before  referred  to  as  being  produced  by  the  action  of 
chlorine  on  sal-ammoniac.  Its  composition  is  somewhat  uncertain ;  its 
explosive  character  rendering  its  exact  analysis  very  difficult.  Some 
chemists  regard  it  as  ISTClg,  that  is,  ammonia  in  which  all  the  hydrogen 
has  been  displaced  by  chlorine,  whilst  others  beheve  it  to  contain  hydrogen, 
regarding  it  as  derived  from  two  equivalents  of  ammonia  (NHj .  I^Hj), 
by  the  substitution  of  five  equivalents  of  chlorine  for  five  of  hydrogen 
(NCLj.NHCy. 

It  is  a  yellow,  heavy,  oily  liquid  (sp.  gr.  1  -65),  which  volatilises  easily, 
yielding  a  vapour  of  very  characteristic  odour,  which  affects  the  eyes. 
When  heated  to  about  200°  F.  it  explodes  with  great  violence,  emitting  a 
loud  report  and  a  flash  of  light.  Its  instability  is,  of  course,  attributable 
to  the  feeble  attraction  which  holds  its  elements  together;  and  the  violence 
of  the  explosion,  to  the  sudden  expansion  of  a  small  volume  of  the  liquid 
into  a  large  volume  of  nitrogen,  chlorine,  and  perhaps  hydi'ochloric  acid. 
As  might  be  expected,  its  explosion  is  at  once  brought  about  by  contact 
with  substances  which  have  an  attraction  for  chlorine,  such  as  phosphorus 
and  arsenic ;  the  oils  and  fats  cause  its  explosion,  probably  by  virtue  of 
their  hydrogen ;  oil  of  turpentine  explodes  it  with  greater  certainty  than 
the  fixed  oils.  Alkalies  also  decompose  it  violently ;  whilst  acids,  having 
no  action  upon  the  chlorine,  are  not  so  liable  to  explode  it.  At  160°  F. 
this  substance  has  actually  been  distilled  without  explosion. 

Although  practically  unimportant,  the  violent  explosive  properties  of 
this  substance  render  it  so  interesting  that  it  may  be  well  to  give  some 
directions  for  its  safe  preparation. 

Preparation  of  chloride  of  nitrogen. — Dissolve  4  oz.  of  sal-ammoniac  in  48  oz. 
(measured)  of  water,  in  a  porcelain  dish,  at  a  gentle  heat.  Filter  the  solution,  and 
pour  it  into  a  shallow  leaden  dish  (A.  flg.  169),  previously  cleaned  from  all  grease  by 

boiling  a  little  solution  of  potash  in  it.  Place  in 
the  solution  a  smaller  leaden  dish  (B)  (capacity, 
IJ  oz.),  cleaned  in  the  same  way,  and  furnished 
with  a  copper  wire  handle. 

Cut  oiF  the  neck  of  a  Florence  flask  (by  scratch- 
ing with  a  file,  and  leading  the  crack  round  with 
a  red-hot  iron),  clean  it  by  boiling  a  little  potash 
in  it,  rinse  it  in  water,  and  attach  it  to  a  string,  so 
Fig.  169.  that  it  may  be  suspended,  in  an  inverted  position, 

upon  a  stand. 

When  the  temperature  of  the  solution  of  sal-ammoniac  has  fallen  to  nearly  90°  F., 
fill  the  Florence  flask  with  water  in  tlie  pneumatic  trough,  and  displace  the  water 
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by  chlorine,  passed  up  from  a  gas  bottle  free  from  grease.  Close  the  flask  with  a 
watch-glass  placed  under  the  orifice,  and  suspend  it  by  the  string  from  a  stand  (fig, 

170)  ,  so  that  its  mouth  may  be  about  an  inch  below  the  surface  of  the  solution  of 
sal-aramoniac,  and  immediately  over  the 
centre  of  the  small  leaden  dish.  Eemove 
the  watch-glass,  and  let  tlie  whole  arrange- 
ment be  placed  where  the  explosion  can 
do  no  harm.  The  solution  will  soon  begin 
to  absorb  the  chlorine  and  to  rise  in  the 
flnsk,  whilst  yellow  oily  globules  form  upon 
its  surface,  occasionally  collecting  into  a 
larger  one,  which  falls  through  the  solution 
into  the  small  leaden  dish.  When  the 
flask  is  nearly  filled  with  the  solution,  which 
will  require  about  twenty  minutes,  gently 
raise  the  flask,  from  a  distance,  by  hooking  Fig.  170. 

the  string  with  a  wire  at  the  end  of  a  long 

stick,  and  allow  the  solution  to  flow  gently  out  of  it  into  the  leaden  dish.  Place 
the  flask  at  a  safe  distance,  lest  there  should  be  any  chloride  of  nitrogen  still  clinging 
to  it.  Examine  tlie  leaden  dishes  to  see  where  the  oily  globules  have  fallen, 
lifting  out  the  smaller  dish  by  hooking  its  wire  handle  with  a  long  stick.  Explode 
the  globules  from  a  safe  distance  with  a  stick  dipped  in  turpentine.  A  good  explo- 
sion will  throw  the  solution  up  several  feet,  and  will  raise  a  large  leaden  dish  several 
inches  into  the  air,  indenting  it  deeply  at  the  seat  of  the  explosion. 

Another  method  of  preparing  the  chloride,  when  it  is  not  desired  to  examine  it 
closely,  but  merely  to  witness  the  explosion,  consists  in  acting  upon  sal-ammoniac 
with  solution  of  hypochlorous  acid  ;  but  as  this  does  not  succeed  in  a  leaden  vessel, 
and  must  be  performed  in  glass  or  porcelain,  the  action  should  be  conducted  at  a 
distance  from  the  operator,  lest  he  be  wounded  by  the  fragments  of  the  vessel. 

Fifty  grains  of  red  oxide  of  mercury  are  very  finely  powdered,  and  thrown  into  a 
pint  bottle  of  chlorine  together  with  |  oz.  (measured)  of  water.  The  stopper  is 
replaced,  and  the  bottle  well  shaken,  loosening  the  stopper  occasionally  as  long  as  the 
chlorine  is  absorbed.  The  solution  of  hypochlorous  acid  thus  produced  is  filtered 
from  the  residual  oxychloride  of  mercury,  and  poured  into  a  clean  thumb-glass  (fig. 

171)  .  A  lump  of  sal-ammoniac  weighing  20  grains  is  then  dropped 
into  the  solution,  and  the  glass  is  placed  in  a  safe  situation  where 
the  explosion  will  do  no  harm.  After  the  lapse  of  twenty  minutes,  the 
chloride  of  nitrogen  may  be  exploded  from  a  safe  distance  (9  feet) 
by  touching  it  with  a  stick  dipped  in  turpentine.  The  glass  will  be 
shattered  into  very  •  small  fragments,  and  the  operator  will  be  safer 
behind  a  screen,  unless  protected  by  a  fencing-mask  and  leather  gloves.      Fig.  171. 

122.  Aqua  regia. — This  name  has  been  bestowed  upon  the  mixture  of 
(1  measure  of)  nitric,  and  (3  measures  of)  hydrochloric  acid  {nitromuriatir, 
acid)  which  is  employed  for  dissolving  gold,  platinum,  and  other  metals 
which  are  not  soluble  in  the  separate  acids.  If  a  little  gold  leaf  be  placed 
in  hydrochloric  and  nitric  acids  contained  iu  separate  glasses,  the  metal 
will  remain  unaffected  even  on  warming  the  acids,  but  if  the  contents  of 
the  glasses  be  mixed,  the  gold  will  be  immediately  dissolved  by  the 
chlorine  which  is  liberated  in  the  action  of  the  acids  upon  each  other — 

HO.  NO,     +     3HC1     =     4H0     -f      N0„C1,     +     01  . 

Cbloronitrlc  gas. 

The  cJiloronitric  gas  which  is  formed  does  not  act  upon  the  gold,  but  is 
evolved  as  a  red  gas,  condensable  in  a  freezing  mixture  to  a  dark  red  liquid. 
It  has  a  very  peculiar  odour,  and  is  decomposed  by  contact  with  water 
into  hydrochloric  acid  and  nitric  peroxide — 

NO.Cl,  -t-  2H0  =  2IIC1  +  NO,  . 

A  similar,  though  somewhat  less  volatile  sub.stance,  called  cliloroniirous  gas, 
and  having  the  formula  NO/Jl,  is  produced  by  mixing  2  volumes  of  nitric 
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oxide  with  1  volume  of  chlorine ;  it  condenses  to  a  red  liquid  at  0°  F. ;  it 
is  also  produced  in  smaU.  quantity  by  the  action  of  hydrocliloric  acid  on 
nitric  acid;  HO.NO^  +  3HC1  =  4H0  +  NO.Cl  +  Cl^. 


BROMINE. 

123.  It  generally  happens  that  elements  between  which  any  strong 
family  hkeness  exists  are  found  associated  in  nature.  This  remark  par- 
ticularly applies  to  the  three  elements — chlorine,  bromine,  and  iodine, 
aU  of  which  are  found  in  sea  water,  though  the  first  predominates  to  such 
an  extent  that  the  others  for  a  long  time  escaped  notice.  Bromiae  was 
brought  to  light  in  the  year  1826  by  Balard  in  the  examination  of  bittern, 
which  is  the  Hquid  remaining  after  the  cliloride  of  sodium  and  some 
other  salts  have  been  made  to  crystallise  by  evaporating  sea  water,  which 
contains  only  about  one  grain  of  bromine  per  gallon,  in  the  forms  of  bro- 
mide of  magnesium  and  bromide  of  sodium.  It  is  also  extracted  from  the 
waters  of  certain  mineral  springs,  as  those  of  Kreuznach  and  Elissingen, 
which  contain  much  larger  quantities  of  bromine,  either  as  bromide  of 
potassium  or  of  sodium  or  magnesium. 

In  extracting  the  bromine  from  these  waters,  advantage  is  taken  of  the 
circumstance  that  chlorine  is  capable  of  displacing  bromine  from  its  com- 
binations with  the  metals.  After  most  of  the  other  salts,  such  as  chloride  of 
sodium,  sulphate  of  soda,  and  sulphate  of  magnesia,  which  are  less  soluble 
than  the  bromides,  have  been  separated  from  the  water  by  evaporation 
and  crystallisation,  the  remaining  liquid  is  subjected  to  the  action  of 
chlorine  gas,  when  it  acquires  an  orange  colour,  due  to  the  liberation  of 
the  bromine;  KBr  +  CI  =  KCl  -f  Br.  The  bromine  thus  set  free 
exists  now  diffused  through  a  large  volume  of  water,  wliich  cannot  be 
separated  from  it  jin  the  usual  way  by  evaporation,  loecause  bromine  is 
itself  very  volatile.  An  ingenious  expedient  is  therefore  resorted  to  of 
shaking  the  orange  liquid  briskly  with  ether,  which  has  a  greater  solvent 
power  for  bromine  than  is  possessed  by  water,  and  therefore  abstracts  it 
from  the  aqueous  solution  ;  since  ether  does  not  mix  to  any  great  extent 
with  water,  it  now  rises  to  the  smface  of  the  liquid,  forming  a  layer  of  a 
beautiful  orange  colour,  due  to  the  bromine  which  it  holds  in  solution. 
This  orange  layer  is  carefully  separated,  and  shaken  with  solution  of 
potash,  which  immediately  destroys  the  colour  by  removing  the  bromine, 
leaving  the  ether  to  rise  to  the  surface  in  a  pure  state,  and  fit  to  be 
employed  for  abstracting  the  bromine  from  a  fresh  portion  of  the  water. 
The  action  of  the  bromine  upon  potash  is  precisely  similar  to  that  of 
chlorine — 

6K0    +    Br„    =    5KBr    +    KO.BrO.  . 

Bromide  of  potassium.       ^^l^^^-,  °^ 

After  the  solution  of  potash  has  been  several  times  shaken  mth  the 
ethereal  solution  of  bromine,  and  has  become  highly  charged  with  tliis 
element,  it  is  evaporated  so  as  to  expel  the  water,  leaving  a  solid  residue 
containing  the  bromide  of  potassimn  and  bromato  of  potash.  This  saline 
mass  is  strongly  heated  to  decompose  the  bromate  of  potash,  and  convert 
it  into  bromide  of  potassium — 

KO .  BrO,    =    KBr    -f     0^  . 
From  this  salt  the  bromine  is  extracted  by  distilling  it  with  binoxide  of 
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iiianganoso  and  sulphuric  acid,  wlieu  the  potassium  is  oxidised  at  the 
oxponse  of  the  binoxido  of  manganese,  and  the  bromine  is  liberated  and 
condensed  in  a  receiver  kept  cool  by  iced  water — 

KBr  +  MnO,  +  2(H0.  SO,)  =  KO.  SO3  +  MnO.  SO,  +  2H0  +  Br. 

The  aspect  of  the  bromine  so  produced  is  totally  different  from  that  of 
any  other  clement,  for  it  distils  over  in  the  liquid  condition,  and  pre- 
serves that  form  at  ordinary  tomperatm-es,  being  the  only  hquid  non- 
metallic  element.  Its  dark  red-brown  colour,  and  the  peculiar  orange 
colour  of  the  vapoiu-  which  it  exhales  continually,  are  also  characteristic ; 
but,  above  all,  its  extraordinary  and  disagreeable  odour,  from  which  it 
derives  its  name  {l^pui[i.o^,  a  stench),  leaves  no  doubt  of  its  identity.  The 
odour  has  some  slight  resemblance  to  that  of  chlorine,  but  is  far  more 
intolerable,  often  giving  rise  to  great  pain,  and  sometimes  even  to  bleed- 
ing at  the  nose. 

Liquid  bromine  is  thrice  as  heavy  as  water  (sp.  gr.  2-96),  and  boils  at 
145°  F.,  yielding  a  vapoiir  51  times  as  heavy  as  air  (sp.  gr.  5-54).  It 
may  be  fi-ozen  at  9° -6  F.  to  a  brown  crystalline  soUd.  It  requires  33 
tunes  its  weight  of  cold  water  to  dissolve  it,  aind  is  capable  of  forming  a 
crystalline  hydrate  (Br  +  lOHO)  corresponding  to  hydrate  of  chlorine? 

In  its  bleaching  power,  its  aptitude  for  direct  combination,  and  its 
other  chemical  characters,  it  veiy  closely  resembles  chlorine — so  closely, 
indeed,  that  it  is  difficult  to  distinguish,  in  many  cases,  between  the  com- 
pounds of  chlorine  and  bromine  with  other  substances,  unless  the  elements 
themselves  be  isolated.  A  necessary  consequence  of  so  great  a  similarity 
is,  that  very  little  use  has  been  made  of  bromine,  since  the  far  more  abun- 
dant chlorine  fulfils  nearly  all  the  purposes  to  which  bromine  might 
otherwise  be  applied.  In  the  daguerreotype  and  photographic  arts,  how- 
ever, some  special  appHcations  of  bromine  have  been  discovered,  and  for 
some  chemical  operations,  such  as  the  determination  of  the  illuminating 
hydrocarbons  in  coal-gas,  bromine  is  sometimes  preferred  to  chlorine.  In 
the  composition  of  their  compounds,  chlorine  and  bromine  also  exhibit 
great  analogy. 

Hypolyromous  add  (BrO)  has  not  been  obtained  in  the  anhydrous  state, 
but  its  solution  in  water  may  be  obtained  by  shaking  oxide  of  mercury 
with  water  and  bromine.  The  solution  is  very  unstable,  decomposing, 
especially  when  heated,  with  Liberation  of  bromine  and  formation  of 
bromic  acid.  The  action  of  bromine  upon  diluted  solutions  of  the  alka- 
lies, and  upon  the  alkaline  earths,  produces  bleaching  liquids  similar  to 
those  formed  by  chlorine. 

Anhydrous  bromic  acid  (BrOJ  has  never  been  obtained,  but  hydrated 
hromic  acid  (HO .  BrO^)  can  be  prepared  in  a  similar  manner  to  hydrated 
chloric  acid,  to  which  it  has  a  great  general  resemblance,  the  bromates 
being  also  similar  to  the  chlorates. 

124.  ITydrol/romic  acid. — The  inferiority  of  bromine  to  cMorine  in 
chemical  energy  is  well  exemplified  in  its  relations  to  hydrogen,  for  the 
vapour  of  bromine  mixed  with  hydrogen  wUl  not  explode  under  the  action 
of  flame  or  of  the  electric  spark,  like  the  mixture  of  chlorine  and  hydrogen. 
Direct  combination  may,  however,  be  slowly  induced  by  contact  with 
heated  platinum. 

Wlien  it  is  attempted  to  prepare  this  acid  by  distilling  bromide  of 
sodium  or  potassiiim  with  sulphuric  acid  (as  in  the  preparation  of  hydro- 
chloric acid),  the  inferior  stability  of  hydrobromic  acid  is  shown  by  the 
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decomposition  of  a  part  of  it,  tlie  hydrogen  being  oxidised  by  tbe  sulphuric 
acid,  and  the  bromine  set  free;  HBr  +  HO .  SO3  =  2H0  +  SO^  +  Br. 

If  a  strong  sohition  of  phosphoric  acid  be  employed  instead  of  the 
sulphuric,  pure  hydrobromic  acid  may  be  obtained. 

But  the  most  instructive  method  of  obtaining  hydrobromic  acid  consists 
in  attacking  water  with  bromine  and  phosphorus  simultaneously,  when 
the  phosphorus  takes  the  oxygen  of  the  water,  forming  phosphorous  acid, 
and  the  bromine  combines  with  the  hydrogen  to  form  hydrobromic  acid— 
6H0  +  Big  +  P  =  3HO.PO3  +  3HBr  . 

Hydi'ated 
phosphorous  acid. 

Probably  bromide  of  phosphorus  (PBrg)  is  formed  as  an  intermediate  stage. 

The  experiment  may  be  made  in  a  "W-formed  tube  (fig.  172),  one  bend  of  which 

contains  40  grains  of  phosphorus  in  fragments  inter- 
mingled with  glass  moistened  with  water,  whilst  the 
other  bend  contains  240  grains  of  bromine  ( about  one 
drachm).  This  limb  of  the  tube  is  corked,  and  the 
other  furnished  with  a  delivery  tube,  so  that  the  gas 
may  be  collected  either  by  downward  displacement 
or  over  mercury.  The  bromine  is  slightly  heated, 
when  it  distils  over  to  the  moist  phosphorus,  and 
hydrobromic  acid  is  evolved.  A  moderate  heat  should 
afterwards  be  applied  to  the  moist  glass,  to  expel  part 
of  the  hydrobromic  acid  from  the  water. 

Hydrobromic  acid  is  very  similar  to  hydrochlo- 
"^ySobroESr  °'  acid ;  it  Hquefies  at  -  92°  P.,  and  has  been 

solidified  by  a  still  lower  temperatui'e,  which  is 
not  the  case  with  hydrochloric  acid.  Like  that  gas  it  is  very  soluble  in 
water,  and  the  solution  acts  upon  metals  and  their  oxides  in  the  same 
manner  as  hydrochloric  acid.  Chlorine  removes  the  hydrogen  fi'om 
hydrobromic  acid,  liberating  bromine,  which  it  converts  into  clilonde  of 
bromine  if  employed  in  excess. 

The  composition  of  hydrobromic  acid  corresponds  to  that  of  hydro- 
chloric. It  contains  80  parts  by  weight  "(1  eq.)  of  bromine,  combined 
with  1  part  (1  eq.)  of  hydrogen,  or  2  vols,  of  bromine  vapour,  combined 
with  2  vols,  of  hydrogen  to  form  4  vols,  of  hydrobromic  acid. 

Bromide  of  nitrogen  has  been  obtained  by  the  action  of  bromide  of 
potassium  upon  chloride  of  nitrogen,  which  it  resembles  in  general 
character  and  explosive  properties. 

Chloride  of  bromine  is  a  very  volatile  yellow  liquid  of  pungent  odour. 
Its  composition  is  not  certainly  known.  That  chlorine  should  unite 
directly  with  bromine,  which  it  so  much  resembles  in  chemical  character, 
illustrates  its  great  tendency  to  dii-ect  chemical  combination. 

IODINE. 

125.  Iodine  is  contained  in  sea  water  in  even  smaller  quantity  than 
bromine,  but  the  iodide  of  sodium  appears  to  constitute  a  portion  of  the 
necessary  food  of  certain  varieties  of  sea-weed,  which  extract  it  from  the 
sea  water,  and  concentrate  it  in  their  tissues.  The  ash  remaining  after 
sea-weed  has  been  bui-nt  was  long  used,  under  the  name  of  1x1.2),  in  soap- 
making,  because  it  contains  a  considerable  quantity  of  carbonate  of  soda ; 
and  in  the  year  1811,  Courtois,  a  soap-boiler  of  Paris,  being  engaged  m 
the  manufacture  of  soda  from  kelp,  obtained  from  the  waste  liquors  a 


EXTEACTION  OF  IODINE  FROM  SEA-WEED. 


171 


substance  which  possessed  properties  different  from  those  of  any  form  of 
matter  with  which  he  was  acqiiainted.  He  transferred  it  to  a  French 
chemist,  Clement,  who  satisfied  himself  that  it  was  really  a  new  substance, 
and  Gay-Lussac  and  Davy  having  examined  it  still  more  closely,  it  took 
its  rank  among  the  non-metaUic  elementary  substances,  under  the  name 
of  iodine  (icoSi^s,  violet  coloured),  conferred  upon  it  in  allusion  to  the 
magnificent  violet  colour  of  its  vapour. 

This  history  of  the  discovery  of  iodine  affords  a  very  instructive  example 
of  the  advantage  of  training  persons  engaged  in  manufactures  to  habits  of 
accurate  observation,  and,  if  possible,  of  accurate  chemical  observation ;  for 
had  Courtois  passed  over  this  new  substance  as  accidental,  or  of  no  con- 
sequence, the  community  would  have  lost,  at  least  for  some  time,  the 
benefits  derived  from  the  discovery  of  iodine. 

Tor  some  years  the  new  element  was  only  known  as  a  chemical 
curiosity,  but  an  unexpected  demand  for  it  at  length  arose  on  the  part  of 
the  physician,  for  it  had  been  found  that  the  efficacy  of  the  ashes  of 
sponge,  which  had  long  been  used  in  some  particular  maladies,  was  due  to 
the  small  quantity  of  iodine  which  they  contained,  and  it  was,  of  course, 
thought  desirable  to  place  this  remedy  in  the  hands  of  the  medical  pro- 
fession in  a  purer  form  than  the  ash  of  sponge,  where  it  is  associated  with 
very  large  quantities  of  various  saline  substances.  Much  more  recently 
the  demand  for  this  element  has  greatly  increased,  on  account  of  its  employ- 
ment in  photography,  and  large  quantities  of  it  are  annually  produced 
from  kelp,  the  collection  and  burning  of  which  affords  occupation  to  the 
very  poor  inhabitants  of  some  parts  of  the  coasts  of  Ireland  and  Scotland, 
who  would  otherwise  have  been  thrown  oxit  of  work  when  soda  began  to 
be  manufactured  from  common  salt,  and  the  demand  for  kelp  as  the  source 
of  that  alkali  had  ceased.  The  sea-weed  is  spread  out  to  dry,  and  burnt 
in  shallow  pits  at  as  low  a  temperature  as  possible,  for  the  iodide  of  sodium 
is  converted  into  vapour  and  lost  if  the  temperature  be  very  high.*  The 
ash,  which  is  left  in  a  half-fused  state,  is  broken  into  fragments  and 
treated  with  hot  water,  which  dissolves  about  half  of  it,  leaving  a  residue, 
consisting  of  carbonate  and  sulphate  of  lime,  sand,  &c.  The  whole  of  the 
iodide  of  sodium  is  contained  in  the  portion  dissolved  by  the  water,  but  is 
mixed  with  much  larger  quantities  of  sulphate  of  soda,  carbonate  of  soda, 
chloride  of  potassium,  hyposulphite  of  soda,  and  sulphide  of  sodiiun.  A 
portion  of  the  water  is  expelled  by  evaporation,  when  the  sulphate  of 
soda,  carbonate  of  soda,  and  chloride  of  potassium,  being  far  less  soluble 
than  the  iodide  of  sodium,  crystallise  out.  In  order  to  decompose  the 
hyposulphite  of  soda  and  the  sulphide  of  sodium,  the  liquid  is  mixed 
with  an  eighth  of  its  built  of  oil  of  vitriol,  which  decomposes  these  salts, 
evolving  sulphurous  and  hydrosulphuric  acid,  with  deposition  of  sulphur, 
and  forming  sidphate  of  soda,  which  is  deposited  in  crystals.  The  liquor 
thus  prepared  is  next  mixed  with  binoxide  of  manganese,  and  heated  in  a 
leaden  retort  (fig.  173),  placed  in  a  sand-bath,  when  the  iodine  is  evolved 
as  a  magnificent  purple  vapoitr,  which  condenses  in  the  globular  glass 
receivers  in  the  form  of  dark  grey  scales  with  metallic  lustre,  and  having 
considerable  resemblance  to  black  lead.  The  liberation  of  the  iodine  is 
explained  by  the  following  equation — 

■NaT  +  MnO,  +  2(110.  SO,)  =  NaO.SO,  +  MnO.SOj  +  2nO  -|-  I  . 

*  The  aea-weed  is  often  only  chan'ed  and  not  inciuerated,  so  as  to  avoid  loss  of  iodine. 
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The  distillation  is  conducted  at  a  temperature  below  212°,  to  avoid  the 
liberation  of  clilorine  from  the  chloride  of  sodium,  and  the  consequent 
formation  of  chloride  of  iodine. 

Several  processes  have  been  devised  to  render  the  extraction  of  the  iodine  from 
the  concentrated  sohition  of  kelp  easier  and  more  economical.  The  most  promising 
is  very  similar  to  that  employed  for  separating  bromine  (p.  168).  The  iodine  is 
liberated  by  chlorine,  and  extracted  from  the  liquid  by  shaking  it  with  benzole  ;  by 
treating  the  benzole  with  solution  of  potash,  the  iodine  is  converted  into  a  mixture 
of  iodide  of  potassium  and  iodate  of  potash,  from  which  the  iodine  may  be  preci- 
pitated by  acidifying  with  hydrochloric  acid. 

6K0    +    Ig    =    SKI    +  KO.IO5 
5KI    +    KO.IO.,    +    6HC1    =    6KC1    +    6H0    +  I^. 

The  features  of  this  element  are  extremely  well  marked ;  its  metalUc 
lustre  and  peculiar  odour  sufficiently  distinguish  it  from  all  others,  and 

the  effect  of  heat  upon  it  is 
very  striking,  in  first  easily 
fusing  it  (at  225°  F.),  and 
afterwards  converting  it 
(boHing  point,  347°  F.) 
into  the  most  exquisitely 
purple  vapour,  which  is 
nearly  nine  times  as  heavy 
as  air  (sp.  gr.  8-72),  and 
condenses  upon  a  cool  sur- 
face in  shining  scales.  It 
stains  the  skin  intensely 
brown  if  handled.  The 
specific  gravity  of  sohd 
iodine  is  4*95. 

When  iodine  is  shaken 
with  cold  water  a  very 
small  quantity  is  dissolved, 
forming  a  light  brown  solution.  Hot  water  dissolves  a  larger  quantity, 
but  alcohol  is  one  of  the  best  solvents  for  iodine,  producing  a  dark  red- 
brown  solution  {lindure  of  iodine)  from  which  part  of  the  iodiue  may 
be  precipitated  by  adding  water.  A  solution  of  iodide  of  potassium 
also  dissolves  iodine  freely.  Benzole  and  bisulphide  of  carbon  dissolve  it 
abundantly,  prodncing  fine  violet-red  solutions,  which  deposit  the  iodine, 
if  allowed  to  evaporate  spontaneously,  in  minute  rhombic  octahedral  cry- 
stals aggregated  into  very  beautiful  fern-like  forms.  If  an  extremely 
weak  aqueous  solution  of  iodine  be  shaken  with  a  little  bisulphide  of  car- 
bon, the  latter  will  remove  the  iodine  from  the  solution,  and  on  standing, 
win  fall  to  the  bottom  of  the  liquid,  having  a  beautiful  violet  colour._  By 
dissolving  a  large  quantity  of  iodine  in  bisulphide  of  carbon,  a  solution  is 
obtained  which  is  perfectly  opaque  to  rays  of  light,  though  it  allows  heat- 
rays  to  pass  freely,  and  is,  therefore,  of  great  value  m  physical  experi- 
ments. A  solution  of  iodine  in  bichloride  of  carbon  is  also  used  for  the 
same  purpose." 

Existing,  as  iodine  does,  in  very  minute  quantity  in  the  water  from 
various  natural  sotu-ces,  it  would  often  be  overlooked  if  the  chemical 
analyst  did  not  happen  to  possess  a  test  of  the  most  delicate  description 
for  it. 

Iodine,  in  the  xmcombined  state,  dyes  starch  of  a  beautiful  blue  colour, 


Fig.  173.— Extraction  of  iodine. 
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as  may  be  proved  by  heating  a  grain  or  two  of  the  element  with  water, 
and  adding  to  the  solution  a  little  thiii  starch  (see  p.  15),  or  by  placing  a 
minute  fragment  of  iodine  in  a  stoppered  bottle,  and  susjaending  in  it  a 
piece  of  paper  dipped  in  thin  starch.  This  test,  however,  though  sensi- 
tive to  the  smallest  quantity  of  free  iodine,  gives  no  indication  whatever 
with  iodine  in  combination,  as  it  always  exists  in  nature ;  in  order,  there- 
fore, to  test  for  iodine,  a  little  starch-paste  is  added  to  the  suspected 
hquid,  and  then  a  drop  of  a  weak  solution  of  cMorine,  which  will  set  free 
the  iodine,  and  cause  the  production  of  the  blue  colour.  Characters 
written  on  paper  with  a  brush  dipped  in  a  mixture  of  iodide  of  potassium 
and  starch,  are  brought  out  in  blue  by  pouring  a  little  chlorine-gas  upon 
them.  It  is  necessary,  however,  carefully  to  avoid  adding  too  much  chlo- 
rine, since  it  would  immediately  destroy  the  colom-  of  the  iodised  starch. 
Alkahes  also  bleach  it,  and  the  colour  of  a  mixture  of  the  iodised  starch 
with  water  is  removed  by  heating,  but  returns  in  gi'eat  measure  when  the 
solution  cools. 

Though  very  closely  connected  with  chlorine  and  bromine  in  its  gene- 
ral chemical  relations,  there  are  several  points  in  the  history  of  iodine  which 
cause  it  to  stand  out  in  marked  contrast  by  the  side  of  these  elements.  The 
attraction  which  binds  it  to  hydrogen  and  the  metals  is  certainly  weaker 
than  that  exerted  by  chlorine  and  bromine,  so  that  either  of  these  is  cap- 
able of  displacing  it  from  its  compounds,  and  its  bleaching  properties  are 
very  feeble.  On  the  other  hand,  it  exhibits  a  more  powerful  tendency  to 
imite  with  oxygen,  for  boUing  nitric  acid  converts  it  into  iodic  acid  (lOJ, 
though  this  oxidising  agent  would  not  affect  chlorine  or  bromine. 

Some  of  the  compounds  of  iodine  with  the  metals  are  remariable  for  their  beauti- 
ful colours.  The  iodide  of  mercury,  produced  by  mixing  solutions  of  iodide  of  potas- 
sium and  chloride  of  mercury,  forms  a  fine  scarlet  precipitate,  which  dissolves  in  an 
excess  of  iodide  of  potassium  to  a  colourless  solution. 

If  this  iodide  of  mercury  be  collected  on  a  filter,  washed  and  dried,  it  will  be 
found,  on  heating  a  portion  of  it  in  a  test-tube,  that  it  acquires  a  fine  yellow  colour 
and  sublimes  in  golden  yellow  crystals,  which  resume  the  original  red  colour  when 
rubbed  with  a  glass  rod.  If  it  be  spread  upon  paper  and  gently  heated,  the  scarlet 
iodide  becomes  yellow,  but  the  red  colour  returns  on  rubbing  it  with  the  thumb- 
nail. These  changes  of  colour  are  attended  by  an  alteration  in  crystalline  form,  but 
not  in  the  chemical  composition  of  the  iodide  of  mercury. 

Iodide  of  lead  has  a  bright  yellow  colour,  as  may  be  seen  by  precipitating  iodide 
of  potassium  with  a  solution  of  acetate  of  lead.  The  precipitate  is  dissolved  by 
boiling  with  water  (especially  on  adding  a  little  hydrochloric  acid),  forming  a  colour- 
less solution,  from  which  the  iodide  of  lead  crystallises  in  very  brilliant  golden  scales 
on  cooling.  Iodide  of  silver  is  produced  as  a  yellow  precipitate  when  nitrate  of  silver 
is  added  to  iodide  of  potassium.  The  bromide  and  chloride  of  silver  would  form 
white  precipitates. 

126.  Oxides  of  iodine. — Although  the  compound  10,  corresponding  to 
hypochlorous  acid,  is  beheved  to  exist,  it  has  never  yet  been  obtained  in  a 
separate  state,  the  only  known  oxides  of  iodine  being  iodic  acid  (lOJ  and 
periodic  acid  (10^  ?)  which  has  only  been  obtained  in  the  hydi'ated  state. 

Iodic  acid,  Kke  the  corresponding  chloric  and  bromic  acids,  is  formed 
when  iodine  is  dissolved  in  solution  of  potash  or  soda — 

6K0     +    le    =    KO.IO,    -1-  5KI. 

It  is  most  easily  prepared  by  boiling  iodine  with  the  strongest  nitric  acid 
in  a  long-necked  liask,  when  it  is  dissolved  in  the  form  of  iodic  acid  which 
is  loft  on  evaporating  the  nitric  acid,  as  a  white  mass.  This  may  bo  piu-i- 
ficd  by  dissolving  in  water  and  crystallising,  wlicn  the  iodic  acid  forms 
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wliite  hexagoual  tables,  which,  have  the  composition  HO .  10^  +  2Aq. 
Heated  to  266°  F.,  they  become  HO  .  10^,  and  at  360°  F.  the  whole  of  the 
water  is  expelled,  leaving  anhydrous  iodic  acid,  which  is  decomposed  at 
about  700°  F.  into  iodine  and  oxygen.  The  anhydrous  iodic  acid  oxidises 
combustible  bodies,  but  not  with  any  great  violence.  The  hydrate  is  far 
more  stable  than  the  hydrated  chloric  and  bromic  acids.  Its  solution 
first  reddens  litmus  paper,  and  afterwards  bleaches  it  by  oxidation.  Its 
salts,  the  iodates,  are  less  easily  soluble  in  water  than  the  chlorates  and 
bromates,  which  they  resemble  ia  their  oxidising  action  upon  combustible 
bodies.  They  are  all  decomposed  by  heat,  evolving  oxygen,  and  sometimes 
even  iodiae,  showing  how  much  inferior  this  element  is  to  chlorine  and 
bromine  in  its  attraction  for  metals. 

It  is  a  remarkable  feature  of  the  iodates,  that  some  of  them  contain  two 
or  even  three  equivalents  of  iodic  acid  to  one  of  base.  Thus  there  are 
three  iodates  of  potash,  KO .  10^,  KO .  210^,  and  KO  .  310,.  No  such 
compounds  are  known  in  the  cases  of  chloric  and  bromic  acids. 

Periodic  acid  has  not  been  satisfactorily  obtained  in  the  anhydrous 
state.  The  hydrated  periodic  acid  is  obtauied  from  the  basic  periodate  of 
soda  formed  by  passing  chlortae  thi'ough  a  mixture  of  iodate  of  soda  and 
free  soda,  when  the  latter  is  decomposed,  its  soditim  being  abstracted  by 
the  chlorine,  whilst  its  oxygen  converts  the  iodic  acid  into  periodic  acid — 

mo .  10,    +    3NaO    +    CI2    =    2NaO .  IO7    +    2N"aCl  . 

Basic  periodate  of 
soda. 

This  periodate  of  soda  is  deposited,  being  sparingly  soluble  in  water,  a 
most  unusual  circumstance  with  salts  of  soda.  By  dissolving  it  in  nitric 
acid,  and  adding  nitrate  of  silver,  a  basic  periodate  of  silver  is  obtained, 
which  is  yeUow  when  precijaitated  from  cold,  and  red  from  hot  solutions — 

2NaO.IO,    +    2(AgO.N05)    =    2AgO.IO,    +  2{m0.m^). 

^''''"sUveif"^  Nitrate  of  soda. 

When  the  silver  salt  is  dissolved  in  nitric  acid,  it  is  decomposed  into 
nitrate  of  silver,  which  remains  in  solution,  and  neutral  periodate  of 
silver,  which  is  deposited  in  crystals — 

2AgO.IO,   +   HO.NO5   =   AgO.IO,   +   AgO.NO,  +  HO. 

When  neutral  periodate  of  silver  is  boiled  with  water,  it  again  yields 
the  insoluble  basic  periodate  of  silver,  and  hydrated  periodic  acid  is 
found  in  the  solution — 

2(AgO .  10^)   +   HO   =   2AgO .  10.  +   HO .  10^  . 

On  evaporating  the  solution,  the  hydrated  periodic  acid  is  deposited  in 
prismatic  crystals  having  the  composition  HO .  10^  +  4Aq,  which  lose 
their  water  at  about  320°  F.,  and  are  decomposed  into  iodic  acid  and 
oxygen  at  400°  F.  The  solution  of  periodic  acid,  of  course,  exhibits 
oxidising  properties. 

The  periorlates  are  remarkable  for  their  sparing  solubility  in  water; 
they  are  easily  decomposed  by  heat,  like  the  iodates.  It  Avill  have  been 
remarked,  in  the  above  account  of  the  preparation  of  periodic  acid,  that 
this  acid  exhibits  a  great  tendency  to  the  formation  of  basic  salts,  whilst 
iodic  acid  is  remarkable  for  its  acid  salts. 

127.  Hydriodic  acid. — Iodine  vapour  combines  with  hydi'ogen,  under 
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Fig.  174. 


Preparation  of  hydriodic 
acid. 


tlie  influence  of  heated  platinum,  to  form  liyclriodic  acid  gas.  The  gas  is 
best  i^repared  by  decomposing  water  with  iodine  in  the  presence  of  phos- 
phorus, so  as  to  produce  hydriodic  acid  and  phosphoric  acid,  which  is 
allowed  to  act  upon  iodide  of  potassium  in  order  to  produce  more  hydriodic 
acid — 

8H0  +   1.   +   p     =   5HI   +   3H0.  Poland 
2KI   +   3H0.P0-   =   2HI   +   2K0.H0.P0.  . 

Pliospliato  of  potash. 

100  grains  of  iodide  of  potassium  are  dissolved  in  50  grains  of  water  in  a  retort 
(fig.  174),  and  200  grains  of  iodine  are  added;  when  this  has  dissolved,  10  grains 
of  phosphorus  are  introduced,  and  the  mixture 
heated  very  gradually,  the  gas  being  collected 
by  downward  displacement  in  stoppered  bottles, 
which  must  be  placed  in  readiness,  as  the  gas 
comes  off  very  rapidly.  A  loose  roll  of  dry 
filter  paper  in  the  neck  of  the  retort  will  bo 
useful  to  retain  drops  of  liquid.  These  quan- 
tities will  fill  four  pint  bottles  with  the  gas. 

Hydi'iodic  acid  gas  is  very  similar  in 
its  properties  to  hydrochloric  and  hydro- 
bromic  acids,  fuming  strongly  in  moist 
air,  very  readily  absorbed  by  water,  lique- 
fied only  under  strong  pressure,  and  soli- 
dified by  extreme  cold.  It  is  much  heavier,  its  specific  gravity  being 
4-44.  If  a  bottle  of  hydriodic  acid  gas  be  placed  in  contact  with  a 
bottle  containing  chlorine  or  bromine  vapour  diluted  with  air  (fig.  133), 
it  win  be  instantly  decomposed,  with  separation  of  the  beautiful  violet 
vapour  of  iodine. 

The  aqueous  solution  of  hydriodic  acid  is  most  conveniently  prepared 
by  passing  hydrosulphiu^ic  acid  gas  through  water  in  which  iodine  is  sus- 
pended, HS  -f  I  =  HI  4-  S,  the  separated  sulphur  being  filtered  off, 
and  the  solution  boiled  to  expel  the  excess  of  hydrosulphuric  acid. 
Solution  of  hydriodic  acid  differs  greatly  from  hydrochloric  and  hydro- 
bromic  acids,  in  beiag  decomposed  by  exposure  to  air,  its  hydrogen  being 
oxidised  and  iodine  separated,  which  dissolves  in  the  liquid  and  renders 
it  brown. 

This  tendency  of  the  hydrogen  of  hydriodic  acid  to  combine  with 
oxygen  renders  that  acid  a  powerfid  reducing  agent.  It  is  even  capable 
of  converting  hydrated  sulphuric  acid  into  hydrosulphuric  acid — 

HO.SO3  +   4HI  =  HS   +   4H0  +  I, 

so  that  when  iodide  of  potassium  is  heated  with  concentrated  sulphuric 
acid,  hydrosidphuric  acid  is  evolved  in  considerable  quantity. 

The  action  of  hydriodic  acid  upon  the  metals  and  their  oxides  is  gene- 
rally similar  to  that  of  the  other  hydrogen  acids. 

When  potassium  is  heated  in  a  measured  volume  of  hydriodic  acid,  the 
iodine  is  removed,  and  the  hydrogen  occupies  half  the  original  volume. 
Hence  1  volume  of  hydrogen  is  combined  with  1  volume  of  iodine  vapour 
in  2  volumes  of  hydriodic  acid.  One  equivalent  (47  grains)  of  potash 
is  neutralised  by  128  grains  of  hydriodic  acid.  This  quantity  occupies 
4  volumes  (8  grains  0  =  1  volume),  so  that  1  eq.  or  4  volumes  or  128 
parts  by  weight  of  hydriodic  acid,  will  contaui  1  eq.  or  2  volumes  or  1 
part  by  weight  of  hydrogen,  and  1  eq.  or  2  volumes  or  127  parts  by  weight 
f>f  iodine  vapour. 
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L\ke  chlormo  and  bromine,  iodine  is  capable  of  displacing  hydrogen 
from  many  organic  compounds,  and  of  taking  its  place,  but  its  action  in 
this  respect  is  much  feebler.  The  circumstance  that  the  organic  com- 
pounds containing  iodine  are  generally  much  less  volatile,  and  therefore 
more  manageable  than  those  of  chlorine  and  bromiae,  leads  to  the  exten- 
sive employment  of  this  element  in  researches  upon  organic  substances. 

With  olefiant  gas,  iodiae  forms  a  crystalline  sohd  compound  (C^HJ^) 
corresponding  to  Dutch  liquid  (p.  86),  and  from  this  compound  a  yellow 
unstable  aromatic  liquid  has  been  obtained,  which  is  believed  to  be  an 
iodide  of  carbon. 

128.  Iodide  of  nitrogen. — The  action  of  chlorine,  bromine,  and  iodine 
upon  ammonia,  exemplifies  the  difference  in  their  attraction  for  hydrogen ; 
for  whilst  chloriae  and  bromiae,  actiug  upon  ammonia,  cause  the  libera- 
tion of  a  certain  amount  of  nitrogen,  iodine  simply  removes  two-thirds  of 
the  hydrogen,  and  itseK  fills  up  the  vacancies  thus  occasioned,  no  nitrogen 
being  liberated — 

NH3  -f  I,  =  NHI,  +  2HI 

the  hydriodic  acid  thus  formed  combining  with  more  ammonia  to  form 
hydriodate  of  ammonia. 

To  prepare  the  iodide  of  nitrogen,  20  grains  of  iodine  are  rubbed  to  powder  in  a 
mortar  and  mixed  with  half  an  ounce  (measured)  of  strong  ammonia ;  the  mortar 
is  covered  with  a  glass  plate,  and  after  about  half  an  hour  the  iodide  of  nitrogen  is 
collected  in  separate  portions  upon  four  filters,  which  are  allowed  to  drain  and 
spread  out  to  dry.  The  brown  solution  contains  iodine  dissolved  in  hydriodate  of 
ammonia. 

The  iodide  is  a  black  powder,  which  explodes  with  a  loud  report  even 
when  touched  with  a  feather,  emitting  fumes  of  hydriodic  acid  and  pm-ple 
vapour  of  iodine ;  its  explosion  is  probably  represented  by  the  equation — 

=  N  +  HI  +  I 

its  violence  being  accounted  for  by  the  sudden  evolution  of  a  large  volume 
of  gas  and  vapour  from  a  small  volume  of  solid.  Even  when  allowed  to 
faU  from  the  height  of  a  few  feet  upon  the  surface  of  water,  it  explodes  if 
perfectly  dry.    In  the  moist  state  it  slowly  undergoes  decomposition. 

129.  Iodine  forms  two  compounds  with  chlorine,  the  protochloride  of 
iodine  (ICl)  and  the  terchloride  (ICI3).  The  former  is  a  brown  volatile 
liquid  of  irritating  odour,  obtained  by  distilling  1  part  of  iodine  with  4 
parts  of  chlorate  of  potash. 

The  terchloride  forms  fine  red  needle-like  crystals,  and  is  produced  when 
iodine  is  acted  upon  with  an  excess  of  chlorine.  Bromides  of  iodine  have 
also  been  obtained,  but  their  composition  is  not  well  known. 

130.  Iodide  of  potassium. — This  salt  is  the  most  useful  compound  of 
iodine,  being  largely  employed  in  medicine  and  in  photography.  It  is 
generally  prepared  by  decomposing  iodide  of  iron  with  carbonate  of 
potash. 

The  iodide  of  iron  (also  a  useful  medicine)  is  made  by  placing  tAVO 
parts  of  iodine  in  contact  with  one  part  of  iron  filings  and  ten  parts  of 
water.  The  iodine  combines  with  part  of  the  ii'on,  evolving  considerable 
heat,  and  producing  the  iodide  of  iron  (Fel). 

The  liquid  is  decanted  from  the  excess  of  iron,  and  one-third  of  the 
weight  of  iodine  previously  employed  is  dissolved  in  it.   In  this  way,  two- 
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tliirds  of  the  iodide  of  iron  arc  converted  into  sesqui-iodide  (FeJ,,),  so  that 
the  sokition  contains  a  mixture  of  one  equivalent  of  the  iodide  (Fel)  and 
one  of  the  sesqui-iodide  (Fejj).  It  is  now  boiled,  and  carbonate  of 
potash  is  gradually  added  as  long  as  it  causes  a  dark  green  precipitate  of 
magnetic  oxide  of  ii'on — 

Fel  +  Fejg  +  4(K0 .  CO.)  -  4  KI  +  FeO .  Fe^Og  +  4CO2 
the  carbonic  acid  is  evolved  with  effervescence,  and  if  the  solution  be 
filtered  and  evaporated,  it  deposits  beautiful  cubical  (or  sometimes  octa- 
hecbal)  crystals,  which  are  generally  milk-white  and  opaque,  but  occa- 
sionally quite  transparent.  Pure  iodide  of  potassium  remains  dry  in 
ordinary  air,  but  if  an  excess  of  carbonate  of  potash  is  employed  in  its 
preparation,  the  crystals  retain  some  of  that  salt  and  become  damp  when 
exposed  to  aii\  The  iodide  of  potassium  dissolves  easily  in  water  and 
alcohol.  If  the  solution  be  pure,  it  does  not  become  colom-ed  when  mixed 
with  pure  hydrochloric  acid ;  but  if  any  iodate  of  potash  be  present  in  it,  a 
brownish  colour  will  be  produced,  due  to  iodine  liberated  in  the  action 
of  the  iodic  acid  upon  the  hydi-iodic  acid ;  10,  +  5III  1=  I^,  -)-  5H0. 
The  iodate  of  potash  is  liable  to  be  present  in  those  specimens  which  are 
prepared  by  dissolving  iodine  in  potash,  to  obtain  a  mixture  of  iodide  of 
potassium  and  iodate  of  potash  (see  p.  173),  the  latter  salt  being  after- 
wards decomposed  by  heat. 


FLUOEINE. 

131.  The  most  ornamental  mineral  substance  occurring  in  any  abun- 
dance in  this  country  is  known  as  fluor  spar  or  Derly shire  spar  (fluoride 
of  calcium),  and  is  found  with  several  beautiful  shades  of  colour — blue, 
purple,  violet,  or  green,  and  sometimes  perfectly  colourless,  either  in  large 
masses,  or  in  crystals,  which  have  the  form  of  a  cube  or  of  some  solid 
derived  from  it.  The  use  of  this  mineral  as  a  flux  in  smelting  ores  dates 
from  a  very  remote  period,  and  from  this  use  the  name  fluor  appears  to 
have  been  originally  derived,  but  we  have  no  record  of  its  chemical  ex- 
amination till  about  a  century  since,  when  Margraf  found  his  glass  retort 
powerfidly  corroded  in  distilling  this  mineral  with  sulphuric  acid,  and 
Scheele  soon  after  announced  that  it  contained  lime  and.  fluoric  acid;  but 
though  this  chemist  had  fallen  into  the 
error  to  which  analysts  are  continually 
liable,  of  mistaking  products  for  educts, 
his  experiments,  as  they  were  afterwards 
perfected  by  Gay-Lussac  and  Th^nard, 
deserve  particular  consideration. 

132.  Hydrofluoric  acid. — If  powdered 
fluor  spar  be  mixed  with  twice  its  weight 
of  oil  of  vitriol,  and  heated  in  a  leaden 
retort  (flg.  175),  the  neck  of  which  fits  Fig.  175. 
tightly  into  a  leaden  condensing-tube, 

cooled  in  a  mixture  of  ice  and  salt,  a  colourless  liquid  distils  over,  and  the 
residue  in  the  retort  is  found  to  consist  of  sulphate  of  hme — 

CaF    +     HO .  SO^,    =    CaO .  SO,     +    HF  . 

nuorido  of  Snlplmto  of  lime.  Hy'l'olluoric 

cnldum.  luud. 

The  colourless  liquid  (hydrofluoric  acid)  possesses  most  remarkable  jn'o- 
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perties ;  it  is  powerfully  acid,  fumes  strongly  in  tlie  air,  and  has  a_  most 
pungent  irritating  odour.  If  the  air  is  at  all  warm  the  liquid  begins  to 
boil  when  taken  out  of  the  freezing  mixtui'e,  and  is  soon  entirely  dissi- 
pated in  vapoirr  (boiling  poiut,  60°  F.)  SJ^ould  the  operator  have  the  mis- 
fortune to  allow  a  drop  to  fall  upon  his  hand,  it  will  produce  a  very 
painful  sore,  even  its  vapom-  producing  pain  under  the  finger  nails.  Its 
attraction  for  water  is  so  great,  that  the  acid  hisses  like  red-hot  iron  when 
brought  iu  contact  with  it.  But  its  most  surprising  property  is  that  of 
rapidly  corroding  glass,  which  has  already  been  alluded  to  as  noticed  by 
Margraf.  Experiment  soon  proved  that  great  analogy  existed  between 
the  properties  of  this  new  acid  and  those  of  hydrochloric  acid;  and 
Ampere  was  led  to  institute  a  comparison  between  them,  which  caused 
him.  to  adopt  the  opiuion  that  the  acid  was  a  hydrogen  acid,  contaiuing  a 
new  salt  radical  -which  he  named  fluorine ;  the  name  of  the  acid  was  then 
changed  from  fluoric  to  hydrofluoric  acid. 

This  liquid  has  since  been  proved  to  be  a  solution  of  hydrofluoric  acid 
in  water,  for  if  it  be  distilled  with  anhydrous  phosphoric  acid,  which 
retains  the  water,  it  evolves  hydrofluoric  acid  gas,  wliich  resembles  hydro- 
chloric acid  gas  in  fuming  strongly  on  contact  with  moist  air,  and  being 
eagerly  absorbed  by  water,  but  has  a  far  more  pungent  odour.  The  per- 
fectly dry  gas  has  very  little  action  upon  glass. 

It  is  remarkable  that  the  solution  of  hydrofluoric  acid,  in  its  concen- 
trated form,  is  not  so  heavy  as  a  somewhat  weaker  acid.  Thus,  the  acid 
of  sp.  gr.  1-06  acquires  the  sp.  gr.  1-15  on  addition  of  a  little  water,  but 
on  adding  more  water  its  sp.  gr.  is  again  reduced.  It  would  hence  appear 
that  the  acid  of  1-15  is  a  definite  hydrate  of  hydrofluoric  acid;  its  com- 
position coiTesponds  to  HF .  4H0.  It  distHs  unchanged  at  248°  F.  The 
solution  is  generally  kept  in  bottles  made  of  gutta-percha. 

The  action  of  hydrofluoric  acid  upon  metals  and  their  oxides  resembles 
that  of  hydrochloric  acid.  It  dissolves  all  ordinary  metals  except  gold, 
platinum,  silver,  mercury,  and  lead. 

The  property  which  renders  this  acid  so  useful  to  the  chemist  is  its 
power  of  dissolving  silica  even  in  its  most  refractory  form.  When  sand 
or  flint  reduced  to  powder  is  digested  in  a  leaden  or  platinum  vessel  -with 
hydrofluoric  acid,  it  is  gradually  dissolved,  and  if  the  solution  be  evapo- 
rated, the  whole  of  the  silica  will  be  found  to  have  disappeared  in  the 
form  of  gaseous  fluoride  of  silicon ;  SiOj  +  2IIF  =  SiFg  -i-  2H0.  If 
the  silicic  acid  be  combined  Avith  a  base,  the  metal  will  be  left  as  a  fluo- 
ride, decomposable  by  sulphuric  or  hydrochloric  acid.  This  renders 
hydrofluoric  acid  a  most  valuable  agent  in  the  analysis  of  the  numerous 
mineral  silicates  which  resist  the  action  of  other  acids. 

The  corrosion  of  glass  by  hydrofluoric  acid  is  now  easily  explained. 
Ordinary  glass  consists  of  sUicate  of  soda  or  potash  combmed  with  silicate 
of  lime  or  oxide  of  lead.  The  hydrofluoric  acid  attacks  and  removes  the 
silica,  and  thus  eats  its  way  into  the  glass. 

In  order  to  demonstrate  the  action  of  this  acid  upon  glass,  a  glass  plate  is  wanned 
suificiently  to  melt  wax,  a  piece  of  which  is  then  rubbed  over  it,  until  the  glass  is 
covered  with  a  thin  and  pretty  uniform  coating.  Upon  this  a  word  or  drawing  may 
be  engraved  with  a  sharp  point  so  that  tho  lines  shall  expose  the  glass.  A  mixture 
of  powdered  fluor  spar  with  concentrated  sulphuric  acid  is  then  poured  over  it,  and 
allowed  to  remain  for  a  quarter  of  an  hour ;  the  acid  mixture  is  waslied  oil',  and  the 
plate  gently  warmed  to  melt  tho  wax,  which  may  bo  wiped  off  with  a  little  tow, 
when  it  will  be  found  that  tho  hydrofluoric  acid  evolved  from  the  mixture  has  cor- 
roded those  portions  of  the  glass  from  which  the  graver  had  removed  the  wax.  It 
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has  been  attempted  to  apply  this  process  to  the  production  of  engravings,  but  the 
brittleiiess  of  the  plate  has  formed  a  very  serious  obstacle. 

If  a  leaden  or  platinum  dish  be  at  hand,  it  is  better  to  place  the  glass  to  be  etched 
ovor  the  dish  containing  the  mixtui'e  of  fluor  spar  and  sulphuric  acid  exposed  to  a 
very  gentle  heat.  ♦ 

Many  ingenious  experiments  have  been  made  in  order  to  obtain  fluorine 
in  the  separate  state,  but  it  was  found  that  it  invariably  combined  with 
some  portion  of  the  material  of  the  vessel  in  which  the  operation  was 
conducted.  The  most  successful  of  the  early  attempts  to  isolate  fluorine 
appears  to  have  been  made,  at  the  suggestion  of  Davy,  in  a  vessel  of 
fluor  spar  itself,  which  could  not,  of  course,  be  supposed  to  be  in  any  way 
afiected  by  it.  A  greenish  gas  was  obtained,  possessing  chemical  proper- 
ties similar  to  those  of  chlorine,  but  of  much  higher  intensity.  The  diffi- 
culty, however,  of  obtaining  vessels  of  fluor  spar  adapted  to  these  experi- 
ments appears  to  have  prevented  any  complete  investigation  of  this  most 
interesting  element. 

The  most  recent  experiments,  in  which  fluoride  of  silver  was  decom- 
posed by  iodine,  lead  to  the  conclusion  that  fluorine  is  a  colourless  gas 
which  is  without  action  upon  dry  glass  or  upon  mercury,  but  they  req^uire 
extension  and  confirmation. 

The  composition  of  hydrofluoric  acid  has  been  inferred  from  that  of 
fluoride  of  calcium,  whicli  has  been  shown  by  analysis  to  contain  one 
equivalent  (20  parts  by  weight)  of  calcium  combined  with  19  parts  by 
weight  of  fluorine.  Assuming  that  hydrofluoric  acid  resembles  hydro- 
chloric acid  in  composition  as  well  as  in  general  character,  and  that  1 9  re- 
presents the  equivalent  of  fli;orine,  tliis  acid  would  contain  1  equivalent 
(or  2  volumes)  of  hydrogen  combined  with  1  equivalent  of  fluorine,  and 
if  it  be  supposed  that  the  20  parts  (1  equivalent)  of  hydrofluoric  acid 
occupy  4  volumes  (0  =  1  volume),  the  hypothetical  specific  gravity  of 
hydrofluoric  acid  gas  would  be  0-69,  and  that  of  fluorine  TSl. 

Solutions  of  the  fluorides  of  potassium  and  the  other  alkali  metals  cor- 
rode glass  slowly  like  hydrofluoric  acid.  These  fluorides  are  capable  of 
combining  with  the  acid ;  thus  fluoride  of  potassium  forms  KF .  TIF,  which, 
when  dry,  is  a  convenient  source  of  hydrofluoric  acid  gas  when  moder- 
ately heated.  The  only  fluoride  possessed  of  much  practical  interest  beside 
the  fluoride  of  calcium  is  the  mineral  kryolite  (kpvo^,  frost),  which  is  a 
double  fluoride  of  aluminum  and  sodium  (3NaF .  AljF^)  found  abundantly 
in  Greenland,  and  valuable  as  a  source  of  aluminum  and  soda.  The  tojMZ 
contains  fluorine,  but  in  what  form  of  combination  is  not  well  Imown ;  its 
other  constituents  are  alumina  and  silica. 

Fluorides  are  also  found,  though  in  very  small  quantity,  in  sea  water, 
and  they  have  been  discovered  in  plants  and  animals.  Human  bone  con- 
tains about  2  per  cent,  of  fluoride  of  calcium. 

It  will  be  remembered  that  fluorine  is  the  only  element  which  is  not 
known  to  form  any  compound  with  oxygen. 

133.  Fluoride  of  silicon. — If  a  mixture  of  powdered  fluor  spar  and 
glass  be  heated,  in  a  test-tube  or  small  flask,  with  concentrated  sulphuric 
acid,  a  gas  is  evolved  which  has  a  very  pimgeut  odour,  and  produces  tliick 
white  fumes  in  contact  with  the  air  ;  it  might  at  first  be  mistaken  for 
hydrofluoric  acid,  but  if  a  glass  rod  or  tube  be  moistpned  with  water  and 
exposed  to  the  gas,  the  wet  surface  becomes  coated,  witli  a  white  film, 
which  proves,  on  examination,  to  be  silicic  acid.  This  result  originated 
the  belief  that  the  gas  consisted  of  fluoric  (now  hydrofluoric)  acid  and 
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silica,  but  Davy  corrected  tins  view  by  sliowing  that  it  really  coiitaiued 
no  oxygen,  aud  consisted  solely  of  silicon  and  iluorine.  The  gas  is  now 
called  the  fluoride  of  silicon,  and  represents  silicic  acid  in  which  the  oxygen 
has  been  displaced  by  the  fluorine  ;  the  change  of  places  between  these  two 
elements  in  the  above  experiment  is  represented  by  the  subjoined  equar 
tion — 

2CaF   +    SiO^    +    2(HO.S03)    =   2(CaO .  SO3)    +  ^8^^^+  2H0. 

^par  ^^'^^  Sulpliuric  acid.  Sulphate  of  lime.  ^on.° 

The  formation  of  the  crust  of  silica  upon  the  wetted  surface  of  the  glass 
is  due  to  a  decomposition  Avhich  takes  place  between  the  fluoride  of  silicon 
and  the  water,  in  which  the  oxygen  and  fluorine  again  change  places — 

SiFg    +    2H0    =    Si02    +  2HF. 

Since  this  latter  equation  shows  that  hydrofluoric  acid  is  again  formed, 
it  would  be  expected  that  the  glass  beneath  the  deposit  of  silica  would  be 
found  corroded  by  the  acid  ;  this,  however,  is  not  the  case,  and  when  the 
experiment  is  repeated  upon  a  somewhat  larger  scale,  so  that  the  water 
which  has  acted  upon  the  gas  may  be  examined,  it  will  be  found  to  hold 
in  solution,  not  hydrofluoric  acid,  but  an  acid  which  does  not  act  upon 
glass,  and  is  composed  of  hydrofluoric  acid  and  fluoride  of  silicon  ;  so  that 
the  hydrofluoric  acid  produced  Avhen  Avater  acts  upon  the  fluoride  com- 
bines with  a  portion  of  the  latter  to  produce  the  new  acid  (HF .  SiFg) 
hydrofluo-silicic  acid. 

For  the  preparation  of  fluoride  of  silicon,  1  oz.  of  fluor  spar  and  1  oz.  of  powdered 
glass  are  mixed  together,  and  heated,  in  a  Florence  flask,  with  7  oz.  (measured)  of 
oil  of  vitriol,  the  gas  being  collected  in  dry  bottles  by  downward  displacement  (see 
fig.  160,  p.  147).  If  a  little  of  the  gas  be  poured  from  one  of  the  bottles  into  a  flask 
fifled  up  to  the  neck  with  water,  the  surface  of  the  latter  will  become  covered  with 
a  layer  of  silica,  so  that  if  the  flask  be  quickly  inverted,  the  water  wiU  not  pour  from 
it,  and  will  seem  to  have  been  frozen.  In  a  similar  manner,  a  small  tube  filled 
with  water  and  lowered  into  a  bottle  of  the  gas,  will  appear  to  have  been  frozen 
when  withdrawn.  A  stalactite  of  silica  some  inches  in  lengtli  may  be  obtained  by 
allowing  water  to  drip  gently  from  a  pointed  tube  into  a  bottle  of  the  gas.  Characters 
written  on  glass  with  a  wet  brush  are  rendered  opaque  by  pouring  some  fluoride 
of  silicon  upon  them. 

Fluoride  of  silicon  is  a  substance  of  some  importance  in  mineralogical 
chemistry,  since,  by  its  aid,  certain  crystallised  minerals  may  be  artifi- 
cially obtained  under  conditions  which  are  not  unlikely  to  have  attended 
the  production  of  the  natural  crystals.  Thus,  the  mineral  staurotide  or 
stauroKte  (crravpo'?,  a  cross),  or  granatUe  or  cross-stone,  a  naturally  crystal- 
lised compound  of  alumina  and  silicic  acid,  may  be  obtained  by  the  action 
of  fluoride  of  silicon  upon  alternate  layers  of  alumina  and  sHica,  heated  to 
whiteness  in  a  porcelain  tube.  The  fluoride  of  silicon,  acting  upon  the 
heated  alumina,  gives  silicate  of  alumina  and  fluoride  of  aluminum — 

SAlgOg    +    3SiF2    =    AlaOg.SSiO^    +  2AI2F3 

the  newly-formed  fluoride  of  aluminum,  passing  over  a  heated  layer  of 
silica,  produces  more  silicate  of  alumina,  regenerating  fluoride  of  silicon — 

5Si02    +    2AI2F3    -    2(Al203.Si02)    +  SSiF, 

so  that  a  given  quantity  of  the  fluoride  of  silicon  will  convert  an  indefinite 
quantity  of  silica  and  alumina  into  the  crystallised  staurolite.  It  appears 
probable  that  other  crystallised  minerals  have  been  formed  in  a  similar 
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liianner,  by  the  action  of  minute  quantities  of  sucli  agents  of  transforma- 
tion. The  frequent  occurrence  of  minute  quantities  of  tkiorides  in  various 
minerals  may  thus  have  great  significance. 

The  specific  gravity  of  fluoride  of  silicon  is  3-60.  Assuming  0-93  to  re- 
present the  sp.  gT.  (weight  of  1  vol.)  of  imaginary  silicon  vapour  (see  p.  1 65), 
and  1'31  to  represent  thesp.  gr.  of  fluorine,  the  numher  3-55  would  he  the 
sum  of  the  weights  of  1  vol.  of  silicon  vapour  and  2  vols,  of  fluorine  ;  so 
that  2  vols.  (1  eq.)  of  silicon  vapour  arc  combined  with  4  vols.  (2  eqs.) 
of  fluorine,  to  form  2  vols,  of  ikioride  of  silicon. 

134.  Hydroflno-silicic  add  or  silico-fluoric  «c«VZ.— This  acid  is  only 
laiown  in  the  form  of  a  solution,  Avhich  is  obtained  by  passing  fluoride  of 
silicon  into  water — 

3Sir.,    +    2H0    =    2(HF.SiF2)    +    SiO,  . 

Hydrofluo-silicic  acid. 

Tlie  gas  must  not  be  passed  directly  into  the  water,  lest  the  separated 
silica  should  stop  the  orifice  of  the  tube,  to  prevent  which,  the  latter 
shoirld  dip  into  a  little  mercury  at  the  bottom  of  the  water,  when  eacli 
bubble,  as  it  rises  through  the  mercury  into  the  water,  Avill  become  sur- 
rounded with  an  envelope  of  gelatinous  silica,  and  if  the  bubbles  be  very 
regular,  they  may  even  form  tubes  of  silica  extending  through  the  whole 
height  of  the  water. 

For  preparing  hydrofluo-silicic  acid 
it  will  be  found  convenient  to  employ 
;i  gallon  stoneware  bottle  (flg.  176), 
furnislied  with  a  wide  tube  dipping 
into  a  cup  of  mercury  placed  at  tlie 
bottom  of  the  water.  1  lb.  of  finely 
powdered  fluor  spar,  1  lb.  of  fine  sand, 
and  64  measured  ounces  of  oil  of  vi- 
triol, are  introduced  into  the  bottle, 
which  is  gently  heated  upon  a  sand- 
bath,  the  gas  being  passed  into  about 
5  pints  of  water.  After  6  or  7  liours 
the  water  will  have  become  pasty, 
from  the  separation  of  gelatinous 
silica.  It  is  poured  upon  a  filter,  and 
when  the  liquid  has  drained  tiirough 
as  far  as  pcssible,  the  filter  is  wrung 
m  a  clotli  to  extract  the  remainder 
of  tlio  acid  solution,  which  will  have 
a  sp.  gr.  of  about  1-078. 

A  dilute  solution  of  hydrofluo- 
silicic  acid  may  be  concentrated 
by  evaporation  up  to  a  certain  point,  when  it  begins  to  decompose,  evolving 
fumes  of  fluoride  of  silicon,  hydrofboric  acid  remaining  in  solution  and 
volatilising  in  its  turn  if  the  heat  be  continued.  Of  course  the  solution 
corrodes  glass  and  porcelain  when  evaporated  in  them.  If  the  solution  of 
nydrofluo-silicic  acid  be  neutralised  with  potash,  and  stirred,  a  very  cha- 
racteristic cry.stalline  precipitate  of  silico-fluoride  of  potassium  is  formed  

HF .  SiF,    +    KO    =    KF .  SiF,    -v    HO  . 

SIIic()-Hiinri<1fi 
of  poliissliiin. 

But  if  an  excess  of  pota,sh  he  employed,  a  precipitate  of  gelatinous  silica 

will  be  separated,  fluoride  of  potassium  remaining  iu  the  solution  

HF .  SiF,    -y     3K0    =    .3KF    +    HO  SiO,  . 


Fig.  170. — Preimratlon  of  hydi'Dduo-silioic 
acid. 
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One  of  tlie  cliief  uses  of  liydrofluo-silicic  acid  is  to  separate  tlie  potash 
from  its  combination  witli  certain  acids,  in  order  to  obtain  these  in  the 
separate  state. 

135.  Fluoride  of  boron  maj 'be  prepared  by  a  process  similar  to  that 
employed  for  fluoride  of  silicon,  but  it  is  also  obtained  by  strongly  heat- 
ino'  a  mixture  of  powdered  anhydrous  boracic  acid  with  twice  its  weight 
of  fluor  spar  in  an  iron  tube — 

3CaE    +    BO,    =    3CaO     +    BY,  . 

Fluoride  of  boron. 

The  fluoride  of  boron  is  a  gas  which  fumes  strongly  in  moist  air  like 
the  fluoride  of  silicon.  It  is  absorbed  eagerly  by  water,  with  evolution  of 
heat.  One  volume  of  water  is  capable  of  dissolving  700  volumes  of 
fluoride  of  boron,  producing  a  corrosive  heavy  liquid  (sp.  gr.  1-77)  which 
fumes  in  air,  and  chars  organic  substances  on  account  of  its  attraction  for 
water.  This  solution  is  known  as  fluoboric  or  borofluoric  add,  and  its 
formation  is  explained  by  the  equation — 

BF3    +     3H0     =    BO3 .  3HF  . 

Fluoboric  acid. 

When  the  solution  is  heated,  it  evolves  fluoride  of  boron  until  its 
specific  gravity  is  reduced  to  1-58,  when  it  distils  unchanged. 

Hydrofluoboric  acid  is  obtained  in  solution  by  adding  a  large  quantity 
of  water  to  fluoboric  acid — 

3(B03.3HF)    =    BO3    +    6H0    +  3HF.2BF3. 

Hydrofluoboric 
acid. 

This  acid  resembles  the  hydrofluo-silicic ;  its  hydrogen  may  be  ex- 
changed for  metals  to  form  borofluorides. 

136.  General  review  of  chlorine,  bromine,  iodine,  and  fluorine. — These 
four  elements  compose  a  natural  group,  the  members  of  which  are  con- 
nected by  the  similarity  of  their  chemical  properties,  far  more  closely  than 
those  of  any  other  group  of  elements.  They  are  usually  styled  the 
halogens,  from  their  tendency  to  produce  salts  resembling  sea-salt  in  then- 
composition  (oAs,  the  sea),  and  such  salts  are  called  haloid  salts.  These  ele- 
ments are  also  called  salt-radicals,  from  their  property  of  forming  salts  by 
direct  union  with  the  metals. 

The  equivalent  weights  of  chlorine,  bromine,  iodine,  and  probably  of 
fluorine,  in  the  state  of  vapour,  occupy  the  same  volume  as  an  equivalent 
of  hydrogen, 'and  each  of  these  elements  combines  with  an  equal  voliune 
of  hydrogen  to  form  an  acid  which  occupies  the  joint  volumes  of  its  con- 
stituents. 

If  one  volume  of  hydrogen  represents  one  atom,  then  the  equivalent 
weights  of  these  elements  (occupying  tlie  same  volume  as  liydrogen)  will 
also  represent  their  atomic  weights,  and  they  arc  decidedly  mon-atomic 
elements. 

The  halogens  also  supply  the  most  prominent  example  of  the  gradation 
in  properties  sometimes  observed  among  the  members  of  the  same  natural 
group  of  elements. 

In  the  order  of  their  chemical  energy,  that  is,  of  the  force  with  Avhicli 
they  hold  other  elements  in  chemical  combination  with  them,  fluorine 
shoiild  stand  first,  its  combining  energy  being  so  great  as  to  cause  a  serious 
difficulty  in  isolating  it  at  all ;  chlorine  would  rank  next,  then  bromine, 
and  iodine  last. 
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Their  equivalent  weights  follow  the  inverse  order  of  their  chemical 
energies:  fluorine,  19  ;  chlorine,  35'5  ;  bromine,  80 ;  iodine,  127; — num- 
hers  which,  of  course,  also  represent  their  relative  specific  gravities  in  the 
state  of  vajjoiu". 

A  similar  gradation  is  observed  in  the  physical  state  and  colour  of  those 
three  which  are  well  known  ;  chlorine  being  a  yeUow  gas,  bromine  a  red 
hquid,  boiling  at  145°  F.,  and  iodine  a  black  solid,  boiling  at  347°  F. 

Even  in  the  exceptions  Avhicli  occur  to  the  order  of  chemical  energy 
above  aUuded  to,  the  same  progression  is  noticed ;  thus  fluorine  has  so 
Little  attraction  for  oxygen  that  no  oxide  is  known,  clilorine  has  less 
attraction  for  oxygen  than  bromine  (chloric  acid  being  less  stable  than 
bromic),  whilst  bromine  has  less  than  iodine,  which  is  said  to  be  capable 
even  of  uniting  directly  with  ozonised  oxygen  to  form  iodic  acid. 

The  compounds  of  these  elements  with  hydrogen  are  all  gases  distin- 
guished by  a  powerful  attraction  for  moisture  and  great  similarity  of 
odour. 

Their  potassium-salts  all  crystallise  in  the  same  (cubical)  form. 

The  fluoride  of  silver  is  soluble  in  water ;  the  chloride  is  insoluble  in 
water,  but  dissolves  very  easily  in  ammonia ;  the  bromide  dissolves  with 
some  difficulty  in  ammonia ;  and  the  iodide  is  insoluble. 


SULPHITE. 

137.  Sulphur  is  remarkable  for  its  abundant  occurrence  in  nature  in 
the  uncombined  state,  in  many  volcanic  districts.  It  is  also  found,  as 
sulphuretted  hydrogen,  in  many  mineral  waters,  and  very  abundantly  in 
combination  with  metals,  forming  the  numerous  ores  known  as  sulphurets 
or  sulphides,  of  which  the  following  are  the  most  abundant : — • 

Iron  pyrites,  Bisulphide  of  iron,  FeSg 

Copper  pyrites,  Sulphide  of  iron  and  copper,  CugS .  FojSa 

Galena,  Sulphide  of  lead,  PbS 

Blende,  Sulphide  of  zinc,  ZnS 

Crude  antimony,  Sulphide  of  antimony,  SbSg 

Cinnabar,  Sulphide  of  mercury,  HgS  . 

Sulphm'  is  plentifully  distributed  also,  in  combination  with  oxygen  and 
a  metal,  in  the  form  of  suljjJiates,  of  which  the  most  conspicuous  are  : — 

Gypsum,  Sulphate  of  lime,  CaO  .  SO3+  2H0 

Heavy  spar.  Sulphate  of  baryta,  .  BaO  .  SO3 

Celestine,  Sulphate  of  strontia,  SrO  .  SO3 

Epsom  salts,  Sulphate  of  magnesia,  MgO.S03+  7H0 

Glauber's  salt,  Sulphate  of  soda,  NaO  .  SO3  +  lOHO  . 

In  plants,  sulphur  is  also  found  in  the  form  of  sulphates,  and  as  a  con- 
stituent of  the  vegetable  albumen  (of  wliich  it  forms  about  1-5  per  cent.) 
present  in  the  sap.  It  is  also  contained  in  certain  of  the  essential  oUs 
remarkable  for  their  peculiar  pungent  odour,  such  as — 

Essence  of  garlic,  Sulphide  of  allyle,*  C,,H.S 

Essence  of  mustard,       Sulphocyanidi;  of  allyle,  C^l\ .  C^NSj  . 

In  aniuials,  sulphur  occurs  as  sulphates,  as  a  constituent  of  albumen, 
librinc,  and  caseino  (in  neither  of  which  does  it  exceed  2  per  cent.) ;  antl 
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in  bile,  one  of  the  products  from  Avliicli  (taurine,  C^H.NO„SJ  contains  25 
per  cent,  of  sulpliur. 

For  oiu-  supplies  of  sulphur  we  are  chiefly  indebted  to  Sicdly,  where 
large  quantities  of  it  are  found  in  an  uncombined  state  in  beds  of  blue 
clay.  MagniJicent  crystallme  masses  of  sulphate  of  strontia  are  often 
found  associated  with  it;  the  sulphur  itself  sometimes  occurs  in  the 
form  of  transparent  yellow  octahedra,  but  more  frequently  in  opaque 
amorphous  masses.  The  districts  in  which  sulpliur  is  found  are  usually 
volcanic,  and  those  which  border  the  Mediterranean  are  particularly  rich 
in  it.    Sulphur  has  also  been  found  in  Iceland  and  California. 

The  native  sulphur  being  commonly  distributed  in  veins  through  masses 
of  gypsum  and  celestine,  has  to  be  separated  from  these  by  the  action  of 
heat.  When  the  ores  contain  more  than  1 2  per  cent,  of  sulphui",  the  bulk 
of  it  is  melted  out,  the  ore  being  thrown  into  rough  furnaces  or  cauldrons 
■with  a  little  fuel,  and  smothered  up  with  earth,  so  as  to  prevent  the  com- 


Fig.  177.— Distillation  of  sulphur. 

bustion  of  the  sulphur,  which  runs  down  in  the  liquid  state  to  the  bottom  of 
the  cauldron,  and  is  dra\^Ti  out  into  wooden  moulds.  But  when  the  propor- 
tion of  sulphur  is  small,  the  ore  is  heated  so  as  to  convert  the  sulphur  mto 
vapour,  which  is  condensed  in  another  vessel.  The  operation  is  conducted 
in  Sicily  in  rows  of  earthen  jars  (A,  fig.  177),  heated  in  a  long  furnace, 


and  provided  with  short  lateral  pipes,  which  convey  the  sulphur  into 
sunilar  jars  (B)  .standing  outside  the  furnace,  in  whicli  the  vapour  of  sul- 
phur condenses  in  the  liquid  state,  and  flows  out  into  pails  of  Avater.  The 
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sulphur  obtained  by  this  process  is  imported  as  rough  sulplmr,  and  con- 
tains 3  or  4  per  cent,  of  earthy  impurities.  In  order  to  separate  tliese  it 
is  redistilled,  in  this  country,  in  an  iron  retort  (A,  fig.  178),  from  wliich 
the  vapour  is  conducted  into  a  large  brick  chamber  (B),  upon  the  sides  of 
which  it  is  deposited  in  the  form  of  a  pale  yelloAV  iiOAvder  {flmimrs  of  suJ- 
pimr,  or  suUimecl  sulphur).  When  the  operation  has  been  continued  for 
some  time  the  walls  of  the  chamber  become  sufficiently  hot  to  melt  the 
sulplmr,  which  is  allowed  to  collect,  and  afterwards  cast  in  wooden 
moulds,  forming  roll  sulphur  or  brimsione.  Distilled  sulphur  is  obtained 
by  allowing  the  vapour  to  pass  from  the  retort  into  a  small  receiving- 
vessel  (C)  cooled  by  water,  where  it  condenses  in  the  liquid  state ;  this 
variety  of  sulplim-  is  preferred  for  the  manufacture  of  gunpowder,  for 
reasons  which  will  be  stated  hereafter. 

Sulplmr  is  readily  distilled  on  a  small  scale  in  a  Florence  flask  (fig.  179),  another 
flask  cutoff  at  the  neck  (see  p.  166)  being  employed 
as  a  receiver.  The  flask  containing  the  sulphur 
should  be  supported  upon  a  thin  iron  wire  triangle, 
and  heated  by  a  gauze-burner,  at  first  gently,  and 
afterwards  to  the  full  heat.  Flowers  of  sulphur 
will  at  first  condense  in  the  receiver,  and  will  be 
followed  by  distilled  sulphur  when  the  temperature 
increases.  A  slight  explosion  of  the  mixture  of 
sulphur  vapour  and  air  may  take  place  at  the  com- 
mencement of  the  distillation.  An  ounce  of  sulphur 
may  be  distilled  in  a  few  minutes. 

We  are  by  no  means  entirely  dependent 
upon  Sicily  for  sulphur,  for  this  element  can 
be  easily  extracted  from  iron  and  copper  pyrites,  both  Avhich  are  found 
abundantly  in  tliis  country. 

Iron  pyrites  forms  the  yellow  metallic-looking  substance  wlaich  is  often 
met  with  in  masses  of  coal,  sometimes  in  distinct  ciibical  crystals,  and 
which  is  to  be  picked  up  in  large  c[nantities  on  some  sea-beaches,  where  it 
occurs  in  rounded  nodules,  rusty  outside,  but  having  a  fine  radiated 
metallic  fracture.  Wlien  this  mineral  is  strongly  heated  it  gives  up  part 
of  its  sulphur ;  at  a  very 
liigh  temperature  one 
half  of  the  sulphur  may 
be  separated — 

FeS,  =  FeS  +  S 

but  by  an  ordinary  fur- 
nace heat  only  about 
one-fourth  can  be  ob- 
tained. The  distillation 
of  iron  pyrites  is  some- 
times efi'cctcd  in  conical 
fire-clay  vessels  (fig. 
180)  closed  at  the  wider 
end,  and  stopped  to- 
wards the  other  Avith  a 
perforated  plate  to  allow 
the  passage  of  the  sul- 
phur vapour.  Each  vessel  contains  100  lbs.  of  pyrites,  and  yields  14  lbs 
of  sulphur. 


Fig.  179.-Disti]]ation  of 
suli3hur. 
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The  sulphur  obtcained  in  this  way  has  a  green  colour,  due  to  the  pre- 
sence of  a  little  sulphide  of  iron  carried  over  mechanically  during  the 
distillation;. in  order  to  purify  it,  it  is  melted  and  allowed  to  cool  slowly, 
when  the  sulphide  of  iron  subsides ;  the  upper  portion  of  the  mass  is  then 
further  purified  by  distillation. 

Sulphur  may  also  be  obtained  from  copper  pyrites  (Cu^S .  Fe.SJ  in  the 
process  of  roasting  the  ore  previously  to  the  extraction  of  the  copper. 
The  ore  is  heaped  up  into  a  p}Tamid,  the  base  of  wliich  is  about  30  feet 
square ;  a  layer  of  powdered  ore  is  placed  at  the  bottom  to  prevent  too 
rapid  access  of  air ;  above  this  there  is  a  layer  of  brushwood  ;  a  wooden 
chimney  is  placed  in  the  centre,  and  is  made  to  communicate  with  air- 
passages  left  between  the  faggots ;  around  this  chimney  the  large  frag- 
ments of  the  ore  are  piled  to  a  height  of  about  8  feet,  and  a  layer  of 
powdered  ore,  about  12  inches  deep,  is  strewn  over  the  whole.  The  heap 
contains  about  2000  tons  of  pyrites,  and  will  yield  20  tons  of  sulj)hur. 
The  fire,  being  kindled  by  dropping  lighted  faggots  down  the  chimney, 
burns  very  slowly  because  of  the  Limited  access  of  air,  and  after  a  few 
days  sulphur  is  seen  to  exude  from  the  surface,  and  is  received  in  cavities 
made  for  the  purpose  in  different  parts  of  the  heap ;  the  roasting  requires 
five  or  six  months  for  its  completion.  In  this  operation  a  part  of  the 
sulphur  has  been  separated  by  the  mere  action  of  heat,  and  another  part 
has  been  displaced  by  the  oxygen  of  the  air,  Avhich  has  converted  a  portion 
of  the.  iron  into  an  oxide  ;  a  part  of  the  separated  sulphur  has  been  burnt, 
the  rest  having  escaped  combustion  on  account  of  the  limited  access  of  air. 

The  sulphur  extracted  from  pyrites  is  generally  found  to  contain  a  httle 
ai'senic,  which  is  frequently  associated  with  those  minerals.  Immense 
quantities  of  sulphur  are  consumed  in  this  country  for  the  manufactm-e  of 
sulphuric  acid,  gunpowder,  lucifer  matches,  vulcanised  caoutchouc,  and 
for  making  the  sulphurous  acid  employed  in  bleaching  processes. 

138.  Pi'ojjerties  of  sulphur. — In  its  ordinary  forms  sulphur  has  a 
characteristic  yellow  colour,  though  milk  of  sulphur,  or  precipitated  sid- 
phur  (obtained  by  adding  an  acid  to  the  solution  of  sulphur  in  an  alkah), 
is  wliite.  It  suffers  electrical  disturbance  with  remarkable  facility,  so 
that  when  powdered  in  a  dry  mortar  it  clings  to  it  with  great  pertinacity. 

One  of  the  most  remarkable  featiu-es  of  sulphm'  is  its  inflammability, 
due  to  its  tendency  to  combine  with  oxygen  at  a  moderately  elevated 
temperature.    It  melts  at  a  heat  not  much  above  the  boiling  point  of 

Avater  (239°  F.),  and  inflames  at  about  500°  F., 
burning  with  a  pale  blue  flame,  and  emitting  the 
well-known  suffocating  odour  of  sulphurous  acid 
(SO,). 

The  changes  in  the  physical  condition  of  this 
element  under  the  influence  of  lieat  are  very  extra- 
ordinary. If  a  quantitjf  of  sulphur  be  introduced 
into  a  Florence  flask  and  subjected  to  a  gradually 
increasing  heat  (fig.  181),  it  is  soon  converted  into 
a  pale  yellow  limpid  liquid  (250°  F.),  the  colour 
of  which  becomes  gradually  brown  as  the  heat 
rises,  until,  at  about  350°  F.,  it  is  nearly  black  and 
Pig  opaque,  and  is  so  viscid  that  the  flask  may  be 

inverted  without  spilling  it ;  at  this  point  the 
temperature  of  the  sulphur  remains  stationary  for  a  time,  notMdtlistand- 
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ing  that  it  is  still  over  the  flame,  showing  that  heat  is  becoming  latent  in 
converting  the  sulphur  into  the  new  modification.  On  continuing  the 
heat,  the  sulphiu'  once  more  becomes  liquid  (500°),  though  not  so  mobUe 
as  at  first,  and  at  a  much  higher  temperature  (836°  P.)  it  boils,  and  is 
converted  into  a  brownish  red  very  heavy  vapour ;  at  this  point  of  the 
exporunent,  an  explosion  of  the  mixture  of  sulphur  vapour  with  air 
often  takes  place.  The  flask  may  now  be  removed  from  the  flame,  and 
a  little  of  the  sulphur  poured  into  a  vessel  of  water,  through  which 
it  will  descend  in  a  coutinuous  stream,  forming  a  soft  elastic  string  like 
india-rubber ;  the  portion  remaining  in  the  flask  will  be  observed,  as 
it  cools,  to  pass  again  through  the  same  states,  becoming  viscid  at  350° 
and  very  liquid  at  250°  ;  another  portion  may  now  be  poured  into  water, 
through  which  it  wiU.  fall  in  isolated  drops,  solidifying  into  yellow  brittle 
crystalline  buttons  of  ordinary  sulphur.  As  the  portion  of  sulphur  left 
in  the  flask  cools,  it  will  be  found  to  deposit  small  tufts  of  crystals,  and 
ultimately  to  solidify  altogether  to  a  yellow  crystalline  mass. 

The  brown  diidile  sulplmi-,  when  kept  for  a  few  hours,  will  become  yel- 
low and  brittle,  passing,  in  great  measui-e,  spontaneously  into  the  crystalline 
sidphur.  The  change  is  accelerated  by  a  gentle  heat,  and  is  attended  with 
evolution  of  the  heat  which  the  sulphur  was  found  to  absorb  at  350°  F. 
Both  these  varieties  of  sulphur  are,  of  course,  insoluble  in  water,  and  they 
are  not  dissolved  to  any  great  extent  by  alcohol  and  ether.  If  the  crystal- 
line variety  be  shaken  with  a  little  bisulphide  of  carbon  it  rapidly  dis- 
solves, and  on  allowing  the  solution  to  evaporate  spontaneously,  it  deposits 
beautiful  octahedral  crystals,  resembling  those  of  native  sulphur  (fig.  182). 
Ductile  sulphiK,  however,  is  insoluble  in  bisulphide  of  carbon. 

When  fiowers  of  sulphur  are  shaken  with  bisulphide  of  carbon,  a  con- 
siderable quantity  passes  into  solution,  the  remainder  consisting  of  the 
amorphous,  or  insoluble  sulphur.  Eoll  sulphur  dissolves  to  a  greater 
extent,  and  sometimes  entirely,  in  the  bisulphide,  and  distilled  sulphiu' 
is  always  easily  soluble. 

The  soluble  and  insoluble  forms  of  sul]3bur  appear  to  represent  distinct 
chemical  varieties  of  the  element.  Wben  a  solution  of  sulphuretted  hydro- 
gen (HS)  is  decomposed  by  the  galvanic  battery,  the  hydrogen,  as  would 
be  expected,  is  separated  at  the  negative  pole,  and  the  sulphm"  at  the 
positive  pole  (p.  21).  The  sidphur,  therefore,  was  the  electronegative 
element  of  the  compound.  This  sulphur  is  soluble  in  bisulphide  of  car- 
bon. Wben  an  acid  is  added  to  a  solution  of  an  alkaline  sulphide  con- 
taining more  tlian  one  equivalent  of  sulphur,  the  excess  of  the  latter  is 
precipitated,  and  is  then  also  found  to  be  soluble  in  bisulplude  of  carbon, 
for  it  played  an  electronegative  part  towards  the.  metal  with  which  it  was 
in  combination. 

When  sulphurous  acid  (SOg)  is  decomposed  by  the  battery,  the  sulphur 
is  separated  at  the  negative  pole,  showing  that  it  played  an  eledropoisitivo 
part  in  the  sulphurous  acid.  This  electropositive  sulphur  is  insoluble  in 
bisulphide  of  carbon.  The  sulphur  in  the  chloride  of  sidphur  (SjCl)  also 
plays  an  electrojjositive  part,  and  accordingly,  when  this  compound  is 
decomposed  by  water,  tho  sulphur  which  separates  is  insoluble  in  bisul- 
phide of  carbon.  The  existence  of  these  two  forms  of  sulphur  aflbrds 
some  support  to  the  theory  of  the  dual  constitution  of  the  elements  noticed 
at  p.  .'il. 

The  electropositive  sulphur  would  be  oxpected  to  manifest  a  greater 
attraction  for  oxygen  than  tho  electronegative  variety,  and  accordingly,  it 
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Fig.  182. 


is  found  to  be  far  more  easily  oxidised  by  nitric  acid.    Electropositive  or 
insoluble  sidpliur  is  converted  into  electronegative  or  soluble  sulphur  by 
the  action  of  a  moderate  heat,  itself  evolving  heat  durmg  the  process  of 
conversion.  When  melted  in  contact  with  suljihurous  acid, 
the  soluble  sulphm-  is  converted  externally  into  the  insoluble 
form. 

CrystaUme  or  soluble  sulphur  is  capable  of  existing  in 
two  distinct  forms.  The  natm-al  form  of  crystallised  sul- 
phur is  the  octahedron  with  a  rhombic  base  (%.  182),  and 
this  is  the  usual  form  wliich  sulphur  assumes  when  crystal- 
lised from  its  solutions.  But  if  sulphur  be  melted  in  a 
covered  crucible,  allowed  to  cool  until  the  surface  has  con- 
gealed, and  the  remaining  liquid  portion  poured  out  after 
piercing  the  crust  (with  two  holes,  one  for  admission  of  air),  the  crucible 
wUl  be  lined  with  beautiful  needles  Avhich  are  oblique  prisms  (fig.  183). 
These  crystals  are  brownish  yellow,  and  transparent  when  freshly  made  j 
but  they  soon  become  opaque  yellow,  and  although  they  retain  their 
prismatic  appearance,  they  have  now  changed  into  minute 
rhombic  octahedra,  the  change  being  attended  with  evolu- 
tion of  heat.  On  the  other  hand,  if  a  crystal  of  octahedral 
sulphur  be  exposed  for  a  short  time  to  a  temperature  of 
about  230°  F.  (in  a  boUing  saturated  solution  of  common 
salt,  for  example),  it  becomes  opaque,  in  consequence  of 
the  formation  of  a  nxmiber  of  minute  prismatic  crystals  in 
the  mass. 

The  difference  between  these  two  forms  of  crystaUine 
sulphur  extends  to  their  fusing-points  and  specific  gravities  ; 
the  prismatic  sulphur  fusing  at  248°  F.,  and  the  octahedral 
sulphur  at  239°  F. ;  the  specific  gravity  of  the  prisms  being  1-98,  and 
that  of  the  octahedra  2-05. 

Eoll  sulphur,  when  freshly  made,  consists  of  a  mass  of  oblique  prismatic 
crystals,  but  after  being  kept  for  some  time,  it  consists  of  octahedra,  although 
the  mass  generally  retains  the  specific  gravity  proper  to  the  prismatic  form. 
This  change  in  the  structure  of  the  mass,  talcing  place  when  its  solid 
condition  prevented  the  free  movement  of  the  particles,  gives  rise  to  a 
state  of  tension  which  may  account  for  the  extreme  brittleness  of  roU  sul- 
plmr.  If  a  stick  of  sulphur  be  held  in  the  warm  hand,  it  often  splits, 
from  unequal  expansion.  These  peculiarities  of  sulphur  deserve  careful 
study,  as  helping  to  elucidate  the  spontaneous  alterations  in  the  structure 
of  glass,  iron,  &c.,  under  certain  conditions. 

Flowers  of  sulphur  do  not  present  a  crystalline  structure,  but  consist  of 
spherical  granules  composed  of  insoluble  sulphru-  enclosing  soluble  sulphur. 
Hot  oil  of  turpentine  dissolves  sulphur  freely,  and  when  the  solution  is 
allowed  to  stand,  the  crystals  Avhich  are  deposited  whilst  the  solution  is 
hot  have  the  prismatic  form,  but  as  it  cools,  octahedra  are  separated. 
The  following  table  exhibits  the  cliief  allotropic  forms  of  sulphur  :— 


Fig.  183. 


Octahedral  .  . 
Electro  negative 

Prismatic     .  . 

Ductile 

Amorplious 

Electropositive 


I 


Sp.  gr. 
2-05 

1-98 
1-96 


Fusing  point. 
239° 

248° 

Becomes 
octahedral. 


Soluble  in  bisulphide  of 

carbon. 
Soluble  in  bisulphide  of 

carbon. 

Insoluble  in  bisulphide 
of  carbon. 
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The  octahedral  is  Ly  far  the  most  stable  of  the  three,  and  is  the  ultimate 
condition  which  tlie  others  assume. 

Otlier  varieties  of  suljjhur,  such  as  a  black  and  a  red  modification,  have 
been  described,  but  they  are  of  minor  importance. 

Sulphur  is  capable  of  entering  into  dii'ect  combination  with  several  other 
elements.  It  imites  with  chlorine  and  with  some  of  the  metals,  if  finely 
divided,  even  at  the  ordinary  temperature,  and  it  is  capable  of  combining 
at  a  high  temperature  with  all  the  non-metals  except  nitrogen,  and  with 
nearly  all  the  metals. 

If  a  mixture  of  2  parts  of  copper  filings  and  1  part  of  sulplnir,  or  of  equal  weights  of 
iron  filings  and  sulpliur,  be  heated  in  a  Florence  flask  or  a  test-tube,  the  combination 
will  be  attended  with  vivid  combustion. 

The  so-called  Lemen/s  volcano  was  made  by  mixing  iron  filings  with  two-thirds  of 
their  weight  of  powdered  sulphur,  and  burying  several  pounds  of  the  moist  mixture 
in  the  earth,  when  the  laeat  evolved  by  the  rusting  of  part  of  the  iron  provoked  the 
energetic  combination  of  the  remainder  with  the  sulphur,  and  the  consequent  develop- 
ment of  much  steam.* 

Several  metals  may  be  made  to  burn  in  sulphur  vapour,  as  in  oxygen,  by  heating 
the  sulphur  in  a  Florence  flask  with  a  gauze  burner,  so 
as  to  keep  the  flask  constantly  filled  with  the  brown 
vapour.  Potassium  and  sodium,  introduced  in  deflagrat- 
ing spoons,  take  fire  spontaneously  in  the  vapour  (fig. 
184). 

A  coil  of  copper  wire  glows  vividly  in  sulphur  vapour, 
and  becomes  converted  into  a  brittle  mass  of  sulphide  of 
copper. 


Sulphur  dissolves,  though  slowly,  in  boiling 
concentrated  nitric  and  sulphuric  acids,  being 
oxidised  by  the  former  into  sulphimc,  and  by 
the  latter  into  suljDhurous  acid.  It  is  far  more 
rapidly  converted  into  sulphuric  acid  by  a  mix- 
ture  of  nitric  acid  and  chlorate  of  potash.  The  pj„ 
alkalies  dissolve  sulphur  when  heated,  yielding 

yellow  or  red  solutions  which  contain  hyposulphites  of  the  alkaKes  and 
sulphides  of  their  metals. 

There  is  a  very  general  resemblance  in  composition  between  the  com- 
pounds of  sulphur  and  those  of  oxygen  with  the  same  elements. 


Hydbosulphurio  Acid. 

139.  Sul])huretted  hydrogen,  or  hydrosulphuric  acid,  has  been  already 
mentioned  as  occurring  in  some  mineral  waters,  as  at  Harrowgate.  It  is 
also  found  in  the  gases  emanating  from  volcanoes,  sometimes  amounting 
to  one-fourth  of  their  volume.  It  is  a  product  of  the  putrefaction  of 
organic  substances  containing  sulphur,  and  is  one  of  the  causes  of  the 
sickening  smell  of  drains,  &c.  Eggs,  which  contain  a  considerable  pro- 
portion of  sulphur,  evolve  sulphuretted  hydrogen  as  soon  as  they  begin 
to  change,  and  hence  the  association  between  tliis  gas  and  the  "  smell  of 
rotten  eggs."  The  same  smell  is  observed  when  a  kettle  boils  over  upon 
a  coke  or  coal  fire,  the  liydrogen  liberated  from  the  water  combining  with 
the  sulphur  present  in  the  fuel. 

•  A  mixture  of  60  parts  of  finn  iron  iib'ngs,  2  of  sal-ammoniac,  and  1  of  sulphur  made 
into  a  paste  with  water,  is  very  useful  for  making  the  joints  of  iron  tubes  air-tight  for 
it  seta  into  a  hard  cement,  the  iron  combining  witli  the  sulphur.  ' 
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HydrosiilpKuric  acid  is  also  foimd  among  the  products  of  destructive 
distillation  of  organic  substances  containing  sulphur ;  it  was  mentioned 
among  the  products  from  coal,  in  which  it  is  for  the  most  part  conihined 
with  the  ammonia  formed  at  the  same  time,  producmg  hydrosulphate  of 
ammonia. 

■  It  may  he  produced,  though  not  in  large  quantity,  by  the  direct  union 
of  hydrogen  with  sulphiu-  vapour  at  a  high  temperature,  or  by  passing  a 
mixture  of  sulphur  vapour  and  steam  through  a  tube  filled  with  red-hot 
pumice  stone  (the  latter  encouraging  the  action  by  its  porosity).  Hydro- 
sulphuric  acid  is  more  readily  formed  by  heating  a  damp  mixture  of  sul- 
phur and  wood  charcoal,  and  may  be  obtained  in  large  cxuantity  by  heating 
a  mixture  of  equal  weights  of  sulphur  and  tallow,  the  latter  furnishing 
the  hydrogen. 

Preparation  of  hydromlphunc  acid. — For  use  in  the  laboratory,  where 
it  is  very  largely  employed  in  testing  for  and  separating  metals,  hydro- 
sulphuric  acid  is  generally  prepared  by  decomposing  sulphide  of  iron  with 
diluted  sulphuric  acid — 


FeS 

Sulphide 
of  ii'on. 


HO .  SO3  = 


HS  + 

Hydrosulphuiic 
acid. 


FeO .  SO3 

Sulphate  of 
iron. 


To  obtain  sulphide  of  iron,  a  mixture  of  3  parts  of  irou  filings  with  2  parts  of 
ilowers  of  sulphur  is  thrown,  ijy  small  portions  at  a  time,  into  an  earthen  crucible 

f  A,  fig.  185),  heated  to  redness 
in  a  charcoal  fire,  the  crucible 
being  covered  after  each  por- 
tion has  been  added.  The  irou 
and  sulphur  combine  with 
cnmbustion,  and  when  the 
■whole  of  the  mixture  lias  been 
introduced,  the  crucible  is  al- 
lowed to  cool,  the  mass  of  sul- 
phide of  iron  broken  out,  and 
a  few  fragments  of  it  are  intro- 
duced into  a  bottle  (fig.  186) 
provided  with  a  funnel  tube 
for  the  addition  of  the  acid, 
and  a  bent  tube  for  conduct- 
ing the  gas  through  a  small 
quantity  of  water,  to  remove 
any  splashes  of  sulphate  of 
iron.  From  the  second  bottle 
the  gas  is  conducted  by  a  glass 
tube  with  a  caoutchouc  joint, 
either  down  into  a  gas-bottle, 
or  into  water,  or  any  other  liquid  upon  which  the  gas  is  intended  to  act.  The  frag- 
ments of  sulphide  of  iron  should  be  covered  witli  enough  water  to  fill  the  gas-bottle 

to  about  one- third,  and  strong  sulphuric  acid  added 
by  degrees  through  the  funnel,  the  bottle  being 
shaken,  until  efi'ervesccnce  is  observed.  An  excess 
of  strong  sulphuric  acid  stops  the  evolution  of  gas 
by  precipitating  a  quantity  of  white  anhydrous  sul- 
pbate  of  iron,  which  coats  the  sulphide  and  defends 
it  from  the  action  of  the  acid.  When  no  more  gas 
is  required,  the  acid  liquid  should  be  at  once 
poured  away,  leaving  the  fragments  of  sulphide  of 
iron  at  the  bottom  of  tho  bottle  for  a  fresli  opera- 
tion. The  liquid,  if  set  aside,  will  deposit  beauti- 
ful green  crystals  of  copperas  or  sulphate  of  iron 
(FeO.SOg  +  THO). 

Since  the  sulphide  of  iron  prepared  as  above  generally  contains  a  little  metallic 


Fiff.  185. 


Fig.  186. -Preparation  of 
hydrosulphuric  acid. 
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iron,  tlie  sulpliurettcd  Lydrogen  is  mixed  with  free  hydrogen,  which  does  not  gene- 
rally interfere  with  its  uses.  The  pure  gfis  may  be  prepared  by  heating  sulphide  of 
antimony  (crude  antimony)  in  a  flask  witli  liydrocliloric  acid— 

SbSg    +    3HC1         3HS    +    SbCla  . 

Prnperties  of  hydrosulphuric  add. — Ttds  gas  is  at  once  distinguished 
from  all  others  by  its  disgusting  odour.  It  is  one-fifth  heavier  than  air 
(sp.  gr.  1-1913).  Its  gaseous  state  is  not  permanent,  but  a  pressure  of  17 
atmospheres  is  required  to  reduce  it  to  a  colourless  liquid,  which  congeals 
to  a  transparent  solid  at  -  122°  F.  Water  absorbs  about  three  times  its 
volume  of  sulphuretted  hydrogen  at  the  ordinary  temperature ;  both  the 
gas  and  its  solution  are  feebly  acid  to  red  litmus  paper.  The  gas  is  very 
combustible,  burning  Avith  a  blue  flame  like  that  of  sulphur,  and  yielding, 
as  the  chief  products,  water  and  sulphurous  acid — 

HS  +  O3  =  HO  -f  SO, 
a  little  hydrated  sulphuric  acid  (HO .  SO3)  is  also  formed,  and  imless  the 
supply  of  air  is  very  good,  some  of  the  sulphur  will  be  separated ;  thus,  if 
a  taper  be  apphed  to  a  bottle  fiUed  with  sulphuretted  hydi-ogen,  a  good 
deal  of  sulphm-  wiU  be  deposited  upon  the  sides.  This  combustibility  of 
sulphuretted  hydrogen  is  of  tlie  greatest  importance  in  those  processes  of 
chemical  manufacture  in  which  this  gas  is  evolved  (as  in  the  preparation 
of  ammoniacal  salts  from  gas  Hquors),  enabling  it  to  be  disposed  of  in  the 
firrnace  instead  of  becoming  a  nuisance  to  the  neighbourhood.  The  gas 
causes  fainting  when  inhaled  in  large  quantity,  and  appears  much  to  de- 
press the  vital  energy  when  breathed  for  any  length  of  time  even  in  a 
diluted  state. 

When  dissolved  m  water,  hydrosulphuric  acid  is  slowly  acted  upon  by 
the  oxygen  of  the  air,  which  converts  its  hydrogen  into  water,  and  causes 
a  white  deposit  of  (electronegative  or  soluble)  sulphur. 

This  is  a  great  drawback  to  the  use  of  tliis  indispensable  chemical  in  the  labor- 
atory, since  the  solution  of  hydrosulphuric  acid  is  so  soon  rendered  useless.  To 
diminish  it  as  far  as  possible,  the  solution  should  be  made  either  with  boiled  water  (free 
from  dissolved  air),  or  with  water  which  has  already  been  once  charged  with  the  gas 
and  spoilt  by  keeping,  for  all  the  oxygen  dissolved  in  this  water  will  have  been  con- 
sumed by  the  former  portion  of  gas.  The  gas  should  be  passed  through  the  water 
until,  on  closing  the  bottle  with  the  hand  and  shaking  violently,  the  pressure  is 
found  to  act  outwards,  showing  the  water  to  be  saturated  with  the  gas.  By  closing 
the  bottle  with  a  greased  stojiper,  and  inverting  it,  the  solution  may  be  preserved 
for  some  weeks,  even  though  occasionally  opened  for  use. 

In  preparing  tlie  solution  of  hydrosulphuric  acid,  a  certain  quantity  of  the  gas 
always  escapes  absorption.  To  prevent  this  from  becoming  a  nuisance,  the  bottle 
containing  the  water  to  be  charged  with  gas  may  be  covered  with  an  air-tight 
caoutchouc  cap  having  two  tubes,  through  one  of  which  passes  the  glass  tube  con- 
veying the  gas  down  into  the  water,  and  through  the  other,  a  tube  conducting  the 
excess  of  gas  either  into  a  gas-burner,  where  it  may  be  consumed,  or  into  a  solution 
of  ammonia  which  will  absorb  it,  forming  the  very  useful  hydrosulphate  of  am- 
monia. 

_  The  hydrogen  of  the  hydrosulplurric  acid  is  oxidised  immediately  by 
nitrous  acid  (NO3),  the  sulphur  being  separated,  and  a  considerable  quan- 
tity of  nitrite  of  ammonia  produced — 

NO3    +     6HS    =    NH3    +     3H0    4-     S„  . 
Concentrated  nitric  acid  also  oxidises  the  hydrogen  and  a  part  of  the 
s}ilphur,  sidphate  of  ammonia  (NH3 .  HO .  SO3)  being  found  in  the  solu- 
tion, and  a  pasty  mass  of  sulphur  separated.    Chlorine,  bromine  and 
iodine  at  once  appropriate  its  hydrogen  and  separate  the  sulplnir. 
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PAINTS  BLACKENED  BY  SULPHURETTED  HYDROGEN. 


In  its  action  upon  the  metals  and  then-  oxides,  hydrosulphuric  acid 
resembles  hydrochloric  and  the  other  hydrogen  acids.  Many  of  the  metals 
displace  the  hydrogen  and  form  metallic  sulphides.  This  u.suaUy  requires 
the  assistance  of  heat,  but  mercmy  and  silver  act  upon  the  gas  at  the 
ordinary  temperature.  Thus,  if  stilphuretted  hydrogen  be  collected  over 
mercury,  the  surface  of  the  latter  becomes  coated  with  a  black  film  of  sub- 
sulphide  of  merciuy  ;  HS  +  Hg^  =  H  +  Hg,S.  In  a  similar  way  the 
surface  of  silver  is  slowly  tarnished  when  exposed  to  sulphuretted  hydi'o- 
cen,  its  surface  being  covered  witli  a  black  film  of  sulpiride  of  silver.  It 
fs  on  this  account  that  silver  plate  is  so  easUy  blackened  by  the  air  of 
towns,  which  is  contaminated  with  sulphuretted  hydrogen.  An  egg  spoon 
is  always  blackened  by  the  sulphiu-  from  the  egg.  Sdver  coins  kept  in 
the  pocket  with  lucifer  matches  are  blackened,  from  the  formation  of  a 
little  sulphide  of  silver.  The  original  brightness  of  the  coin  may  be 
restored  by  rubbing  it  with  a  solution  of  cyanide  of  potassium,  which  dis- 
solves the  sulphide  of  silver. 

When  heated  in  the  gas,  several  metals  displace  the  hydrogen  from  it. 
Thus,  potassium  acts  upon  it  in  a  corresponding  manner  to  that  ia  which 
it  acts  upon  water — 

2H0  +  K  =  KO.HO  +  B. 
2HS     +    K    =    KS  .  HS     +  H 

forming  hydrosulpliate  of  {sulpMde  of)  potassium  (KS .  HS). 

Tin  removes  the  whole  of  the  sulphur  from  hydrosulphuric  acid  at  a 
moderate  heat ;  Sn  -l-  HS  =  H  -i-  SnS. 

When  hydrosulphuric  acid  acts  upon  a  metallic  oxide,  it  generally  con- 
verts it  into  a  sulphide  corresponding  to  the  oxide,  whilst  the  hydrogen 
and  oxygen  unite  to  form  water.  Oxide  of  lead  in  contact  with  the  gas 
yields  black  sulpMde  of  lead  and  water  ;  PbO  +  HS  =  PbS  +  HO.  Even 
if  the  oxide  of  lead  be  combined  with  an  acid,  the  same  change  is  produced 
by  hydrosulphuric  acid ;  and  hence  paper  impregnated  with  a  salt  of  lead 
is  used  as  a  test  for  the  presence  of  this  gas.  Thus,  if  paper  be  spotted 
with  a  solution  of  nitrate  (or  acetate)  of  lead,  it  wiU  indicate  the  presence 
of  even  minute  quantities  of  sulj)huretted  hydrogen  (in  impure  coal-gas, 
for  example)  by  the  brown  colour  imparted  to  the  spots,  the  nitrate  of 
lead  being  decomposed  by  the  hydrosulphuric  acid — 

PbO.NO,    +    HS    =    HO.NO3    +  PbS. 

Nitrate  of  lead.  Nitric  acid. 

It  is  in  this  manner  that  paints  containing  white  lead  (carbonate  of 
lead)  are  darkened  by  exposure  to  the  air  of  towns.  Cards  glazed  with 
white  lead,  and  engravings  on  paper  wliitened  with  that  substance,  suifer 
a  similar  change.  Paintings,  whether  in  oU  or  water  colours,  in  wliich 
lead  is  an  ingredient,  are  also  injured  by  air  containing  sidphm-etted 
hydrogen.  The  interesting  observation  has  recently  been  made  that  such 
colours,  damaged  by  the  formation  of  sulphide  of  lead,  are  restored  by 
the  continued  action  of  light  and  air,  the  black  sulphide  of  lead  beconmig 
oxidised  and  converted  into  the  white  sulphate  of  lead — 

PbS    -t-    O4    -  PbO.SOg. 

In  the  dark  this  restoration  does  not  take  place,  so  that  it  is  often  a  mis- 
take to  screen  pictures  from  the  light  by  a  cru-tain. 

In  cases  wliere  the  sulphide  corresponding  to  the  oxide  is  of  an  unstable 
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character,  the  action  of  hydi'osulphuric  acid  upon  the  oxide  -will  be  attended 
with  separation  of  siUphiir.    This  is  the  case  with  peroxide  of  ii-on  

Fe^O.^    +    3HS    =    2FeS    +    3H0    +  S 

:  as  is  seen  in  the  purihers  in  which  that  substance  is  employed  for  remov- 
ing the  sidphiu-etted  hydrogen  from  coal-gas. 

The  action  of  hydi-osulphimc  acid  upon  the  chlorides  and  other  haloid 
salts  of  the  metals  generally  resembles  its  action  upon  the  oxides  of  the 
same  metals. 

Most  of  the  sulphides  of  the  metals,  like  the  corresponding  oxides,  are 
msoluble  m  water,  but  many  of  the  sulphides  are  also  insoluble  in  diluted 
acids  and  m  alkalies,  so  that  when  hydrosulphuric  acid  is  brought  into 
contact  with  the  solutions  of  metals,  it  will  often  precipitate  the  metal  in 
the  form  of  a  sidphide  having  some  characteristic  colour  or  other  property 
by  which  the  metal  may  be  identified. 

Any  solution  of  lead  will  give  a  black  precipitate  with  solution  of  hydrosulpliuric 
iicid,  the  sulphide  of  lead  being  insoluble  in  diluted  acids  and  in  alkalies. 

A  solution  of  antimony  (tartar-emetic,  for  example,  the  tartrate  of  antimony  and 
potash)  mixed  with  an  excess  of  hydrochloric  acid,  gives  an  orange-coloured  preci- 
pitate (SbSj)  on  adding  hydrosulphuric  acid  ;  but  if  another  portion  be  mixed  with 
an  excess  of  potash  before  adding  the  hydrosulphuric. acid,  there  will  be  no  precipi- 
tate, for  the  sulphide  of  antimony  is  soluble  in  alkalies. 

Chloride  of  cadmium  gives  a  brilliant  yellow  precipitate  of  sulphide  of  cadmium 
on  adding  hydrosulphuric  acid. 

Sulphate  of  zinc  yields  a  white  precipitate  of  sulphide  of  zinc  (ZnS),  but  if  a  little 
hydrochloric  acid  be  previously  added,  no  precipitate  is  formed,  the  sulphide  of  zinc 
being  soluble  in  acids.  On  neutralising  the  hydrochloric  acid  with  ammonia,  the 
sulphide  of  zinc  is  at  once  precipitated. 

It  IS  evident  that,  in  a  solution  containing  cadmium  and  zinc,  the  metals  may  be 
aeparated  by  acidifying  the  liquid  with  hydrochloric  acid,  and  adding  excess  of 
iiydrosulphuric  acid,  which  precipitates  the  sulphide  of  cadmium  only.  On  filtering 
the  solution,  and  adding  ammonia,  the  sulphide  of  zinc  is  precipitated. 

Sulphur-adds  and  sulphur-'bases.—Th.ose  sulphides  which  are  soluble 
in  the  alkahes  are  often  designated  sulphur-acids,  whilst  the  sulpliides  of 
the  alkaH-metals  are  sulphur-bases.  These  two  classes  of  sulphides  com- 
nme  to  form  mlpJiur-salU  analogous  in  composition  to  the  oxygen-salts  of 
the  same  metals.    Thus,  there  have  been  crystallised,  the  salts 

Sulphostannate  of  (sulphide  of)  sodium,  SiSTaS .  SnSj 
Sulphantimoniate         „  „  SNaS.SbS, 

Sulpharseniate  „  „  SJSTaS.AsS^. 

The  sulphostannic  (SnSj),  sulphantimonic  (SbSJ,  and  sulpharsenic 
(AsSj)  acids  respectively,  corresponding  to  stannic  (SnOa),  antimoiiic 
(SbO.),  and  arsenic  (AsO^)  acids. 

The  action  of  air  upon  the  sulphides  of  the  metals  is  often  turned  to 
account  in  chemical  manufactui-es.  At  the  ordinary  temperature,  the  sul- 
I'hides  of  those  metals  wliich  form  alkaline  oxides  (such  as  sodium  and 
calcium),  when  exposed  to  the  air  in  the  presence  of  water,  yield,  fu'st 
mixtures  of  the  oxide  and  bisidphide,  2]SraS  +  0  =  NaO  +  iSTaSa  •  and 
afterwards  the  hyposulphite,  NaS2  +  0.,  =  NaO .  S.O^.  This  change  is 
sometimes  turned  to  account  for  the  manufacture  of  hyposidphito  of 
soda.  When  the  metal  forms  a  less  powerful  base  with  oxygen,  the  sid- 
phide is  often  converted  into  sulphate  by  exposure  to  moist  a'ir  •  thus 
CnS  -I-  0^  «=  CuO .  SO3,  which  is  taken  advantage  of  for  the  separation 
"t  copper  from  tin  ores. 
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The  black  sulphide  of  iron  (FeS),  when  exposed  to  moist  air,  becomes 
converted  into  red  peroxide  of  ii'on,  with  separation  of  sulphur— 

2FeS    +    03    =    FcjOg    +  Sj 
a  change  wMcli  enables  tlie  gas  manufacturer  to  revive,  by  the  action  of 
air,  the  peroxide  of  iron  employed  for  removing  the  sulphuretted  hydrogen 
from  coal-gas  (see  p.  193). 

When  roasted  in  air  at  a  high  temperature,  the  sulphides  correspond- 
m.<y  to  the  more  powerful  bases  are  converted  into  sidphates ;  thus 
ZnS  +  0^  =  ZnO .  SO3,  wliich  explams  the  production  of  sulphate  of 
zinc  by  roasting  blende.  But  in  most  cases  part  of  the  sulphur  is 
converted  into  sulphm-ous  acid  at  the  same  time.  Subsulphide  of 
copper,  for  instance,  is  partly  converted  into  oxide  of  copper  by  roasting, 
CugS  +  0^  =  2CuO  +  SOg,  a  change  of  great  importance  in  the  extrac- 
tion of  copper  from  its  ores. 

140.  Oomposition  of  hydrosulphuric  acid. — ^When  this  acid  acts  upon 
a  metallic  oxide,  the  oxide,  as  a  general  rule,  is  found  to  exchange  8  parts 
by  weight  of  oxygen  for  16  parts  of  sulphur;  therefore,  if  8  be  taken  as 
the  equivalent  of  oxygen  (H  =  1),  16  will  represent  that  of  sulphm-,  and 
the  equivalent  Aveight  of  hydrosulphmic  acid  wiU  be  17  (containiug  1  eq. 
of  hydrogen  and  1  eq.  of  sulphur).  If  metaUic  tin  be  heated  in  a  measured 
volume  of  hydrosulphuric  acid  gas,  it  removes  the  whole  of  the  sulphur,  > 
whilst  the  hydrogen  which  is  left  occupies  the  same  volume  as  the  original  i 
hydrosulphuric  acid.  Hence,  1  vol.  of  this  gas  contains  1  vol.  of  hydro- 
gen. 

The  weight  of  1  vol.  (sp.  gr.)  of  HS  .  .  =  1-1912 
Deducting  the  weight  of  1  vol.  (sp.  gr.)  of  H    =  0-0692 

There  remains  .  .  .  .  1-1220 
for  the  weight  of  the  sulphur  vapour  contained  in  1  vol.  of  hydrosulphuric 
acid.  The  specific  gravity  (or  weight  of  1  vol.)  of  sulphur  vapour  (at 
1900°  F.)  is  2-23,  so  that  the  weight  of  sulphur  vapour  in  1  vol.  of  hydro- 
sulphuric acid  represents  half  a  volume ;  accordingly,  there  are,  in  1  vol. 
of  HS,  1  vol.  of  hydrogen  and  J  vol.  of  sulphur  vapoiu-.  But  1  eq.  (17 
parts  by  weight)  of  hydrosulphuric  acid  occupies  2  vols.  (8  parts  of  oxygen 
representing  1  vol.),  and  would  contain  1  eq.  of  hydrogen  (occupying  2 
vols.)  and  1  eq.  of  sulphur  (occupying  1  vol.). 

The  composition  of  hydrosulphuric  acid  by  volume,  therefore,  is  precisely 
similar  to  that  of  water,  and  its  molecular  formula  (1  vol.  =  1  atom  of  H) 
would  be  H2S  (=  2  vols.),  the  atomic  weight  of  sulphur  being  32,  and 
occupying,  in  the  state  of  vapour  at  1900°  F.,  the  same  volume  as  1  part 
by  weight  of  hydi'ogen. 

141.  Influence  of  temperature  upon  the  specific  gramty  of  gases  ami 
vap>ours.—T]iQ  specific  gravity  of  a  gas  or  vapour  being  defined  as  its 
weight,  compared  Avith  that  of  an  equal  volume  of  dry  and  pure  air  at  the 
same  temperature  and  pressure,  it  might  be  supposed  that  so  long  as  the 
temperatures  were  equal,  their  actual  thermometric  value  would  not  nifl"- 
on'ce  the  specific  gravity.  Indeed,  with  those  gases  and  vapours  whiclj 
are  condensible  with  difficulty,  this  is  actually  the  case.  Thus,  if  equfU 
volumes  of  oxygen  and  air  be  weighed,  either  at  a  low  or  a  higli  tempera- 
ture, provided  their  temperatiu'es  are  the  same,  their  weights  Avill  always 
stand  to  each  other  in  the  ratio  of  ri0.''i7  :  1  . 
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But  with  inauy  viipours  it  is  found  that  if  they  be  weighed  at  tempei'a- 
tuies  too  nearly  approaching  to  their  condensing  points,  their  specific 
gravities^  are  much  higher  than  they  are  found  to  be  at  liigher  tempera- 
tures. Sulphur  affords  a  very  well-marked  instance  of  this.  It  boils  at 
836°  r.,  and  if  its  A^apoui-  be  weighed  at  a  temperature  of  900°  F.,  it  is 
foimd  to  weigh  6-617  times  as  much  as  an  equal  volume  of  air  at  900°  F 
so  that  its  specific  gravity  would  be  6-617,  or  1  eq.  of  sidphur  would 
occupy  I  vol.  (0  =  1  vol.).  But  if  the  vapour  of  sulphur  be  weighed  at 
1900  F.,  It  IS  found  to  weigh  only  2-23  times  as  much  as  an  equal  volume 
of  air  at  the  same  temperature  and  pressure,  so  that  its  specific  gravity  is 
only  one-third  of  that  formerly  given,  and  1  eqt.  of  sulphur  occupies  1  vol. 

142  Persulphide  of  hydrogen.— T^ie  composition  of  this  substance  is  not  yet  satis- 
lactonly  ascertained.  The  similarity  of  its  chemical  properties  to  those  of  binoxide 
ot  hydrogen  prompts  the  wish  that  its  formula  maybe  HSg.  Some  analyses,  how- 
ever, seem  to  lead  to  the  formula  HS^,  but  since  the  persulphide  is  a  liquid  capable 
of  dissolving  free  sulphur,  which  is  not  easily  separated  from  it,  there  is  much  diffi- 
culty m  determining  the  exact  proportion  of  this  element  with  which  the  hvdrosren 
is  combined.  ■'  ° 

When  equal  weights  of  slaked  lime  and  sulphur  are  boiled  with  water  an  orange- 
coloured  hquid  IS  formed,  wliich  contains  hyposulphite  of  lime,  bisulphide  of  calcium 
and  pentasulphide  of  calcium  (CaS^) —  ' 

3CaO    -f  =    CaO .  S^O^    +    2CaS2  • 

Hj-posulphite  Bisulphide 
of  lime.  of  calcium. 

When  hydrochloric  acid  is  added  to  the  filtered  solution,  an  abundant  precipitation 
of  sulphur  occurs,  and  much  hydrosulphuric  acid  is  evolved  

CaS2    -(-    HCl    =    CaCl    +    HS    -f    S . 
But  if  the  solution  be  poured  by  degrees  into  a  slightly  warm  mixture  of  hydro- 
chloric acid  with  twice  its  bulk  of  water,  and  constantly  stirred,  a  yellow  heavy  oily 
liquid  collects  at  the  bottom,  which  is  the  persulphide  of  hydrogen— 

CaSg  -1-  HCl  =  HS^  (?)  -t-  CaCl  . 
The  acid  having  been  kept  in  excess,  the  persulphide  has  been  preserved  from  the 
decomposition  which  it  suffered  in  the  presence  of  the  alkaline  solution  in  the 
former  experiment.  For  the  persulphide  of  hydrogen  very  closely  resembles  the  bin- 
oxide  m  the  facility  witli  which  it  may  be  decomposed  into  hydrosulijhuric  acid  and 
sulphur ;  it  undergoes  spontaneous  decomposition  even  in  sealed  tubes,  and  the  hydro- 
sulphuric  acid  then  becomes  liquefied  by  its  own  pressure.  Most  of  the  substances,, 
the  contact  of  which  promotes  the  decomposition  of  the  binoxide  of  hydrogen,  have 
the  same  effect  upon  the  persulphide.  This  compound  has  a  peculiar  odour  which 
appears  to  affect  the  eyes  ;  of  course,  its  vapour  is  mixed  with  that  of  hydrosul- 
phuric acid. 


Oxides  op  Sulphub. 

143.  Only  two  compounds  of  sulphur  with  oxygen  have  been  obtained 
111  the  separate  state,  viz.,  sulphurous  add  (SOj)  and  sulphuric  acid  (SO.j). 
lour  more  have  Ijeen  obtained  in  combination  witli  Avater,  viz.,  dithioiiic 
{Ouuv,  sidphur)  or  hijposidpiiaric  (S2O.),  tritlnonic  (S,0.),  tetrathionic 
(^4^r,),  and  pentathionic  (S^Or,)  acids.  One  of  the  oxides  has  only  been 
obtained  in  the  form  of  salts,  viz.,  hyjjosidphMruus  acid  (S2O2). 

The  following  table  exliibits  their  composition,  the  imaginary  oxides 
^'eing  distinguished  by  (?)  :— 
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PllEPAKATION  OF  SULPHUROUS  ACID, 
Oxides  of  t:iulp]nLr. 


Equivalent 
Fomula. 


By  Weight. 


Name. 


Sulphur. 


Oxygen. 


Hyposulpburous  acid, 

Sulpliurous  „ 

Sulphuric  „ 

Dithionic  ,, 

Trithiouic  „ 

Tetrathionic  ,, 

Pentatliionic  ,, 


0 


S03 


32 
10 
16 
32 
48 
04 
80 


16 
16 
24 
40 
40 
40 
40 


Sulphurous  Acid. 


144.  In  nature,  sulphurous  acid  is  Lut  rarely  met  with. ;  it  exists  in  the 
gases  issuing  from  volcanoes.  Although  constantly  discharged  into  the 
air  of  towns  by  the  combustion  of  coal  (containing  sulphur),  it  is  so  easily 
oxidised  and  converted  into  sulphuric  acid,  that  no  considerable  quantity 
is  ever  found  in  the  atmosphere.  Sulphurous  acid  has  been  already  men- 
tioned as  the  sole  product  of  the  combustion  of  sulphur  in  dry  air  and 
oxygen,  but  it  is  generally  prepared  for  chemical  purposes  by  removing 
part  of  the  oxygen  from  sulphuric  acid,  which  is  easily  effected  by  heating 
it  with  metallic  copper — 


300  grains  of  copper  clippings  are  heated  in  a  Florence  flask  with  4  oz.  (measured) 
of  strong  sulphuric  acid,  the  gas  being  conducted  by  a  bent  tube  down  to  the  bottom 
of  a  dry  bottle  closed  with  a  perforated  card  (see  fig.  160,  p.  147).  Some  time  will 
elapse  before  the  gas  is  evolved,  for  sulphuric  acid  acts  upon  copper  only  at  a  high 
temperature  ;  but  when  the  evolution  of  gas  fairly  commences,  it  will  proceed  very 
rapidly,  so  that  it  is  necessary  to  remove  the  flame  from  under  the  flask.  The 
gas  will  contain  a  little  suspended  vapour  of  sulphuric  acid,  which  renders  it 
turbid. 

When  the  operation  is  finished,  and  the  flask  has  been  allowed  to  cool,  it  will  be 
found  to  contain  a  grey  crystalline  powder  at  the  bottom  of  a  brown  liquid.  The 
latter  is  the  excess  of  sulphuric  acid  employed,  and  retains  very  little  copper,  since 
sulphate  of  copper  is  insoluble  in  strong  sulphuric  acid.  If  the  liquid  be  poured  off, 
and  the  fiask  filled  up  with  water,  and  set  aside  for  some  time,  the  crj'stalline  powder 
will  dissolve,  forming  a  blue  solution  of  sulphate  of  copper,  yielding  that  salt  in  fine 
prismatic  crystals  by  evaporatiou  and  cooling.  The  dark  powder  remaining  un- 
dissolved after  extracting  the  whole  of  the  sulphate  of  copper  consists  chiefly  of  sul- 
phide of  copper,  the  production  of  which  is  interesting,  as  showing  how  far  the 
deoxidising  effect  of  the  copper  may  be  carried  in  this  experiment. 

Sulphurous  acid  is  a  very  heavy  (sp.  gr.  2*25)  colourless  gas,  character- 
ised by  its  odour  of  burning  brimstone.  It  condenses  to  a  clear  Liquid  at 
0°  F.  (the  temperatm-e  of  a  mixture  of  ice  and  salt)  even  at  the  orcUnaiy 
pressure  of  the  air,  and  has  been  frozen  to  a  colourless  crystalliue  solid  at 


2(HO.S03)    +    Cu    =    CuO.SOa    +    2H0    +  SO.,. 


- 105°  F. 


The  liquofuetioii  of  the  gas  is  easily  exhibited  by  passing  it  down  to  tlie  bottom  of 
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Fig.  187. 


!i  tube  (A,  fig.  187)  closed  at  one  end,  and  surrounded  witli  a  mixture  of  pounded 
ice  with  half  its  wei-rlit  of  salt.    The  tube  should  have  been  previously  drawn  out 
to  a  narrow  neck  at  B,  whicli  may  afterwards  he  sealed 
by  the  blowpipe,  tho  lower  part  of  the  tube  being  still 
surrounded  by  the  freezing  mixture,  since  the  liquid 
sulphurous  acid  boils  at  14°  F.    The  tube  need  not  be 
very  strong,  for  at  the  ordinary  temperature  tho  vapour 
of  sulphurous  acid  exerts  a  pressure  of  only  2-5  atmo- 
spheres.   Liquid  sulphurous  acid  is  a  convenient  agent 
for  producing  (by  its  rapid  evaporation)  the  low  tempe- 
rature (  -  39°  F.)  required  to  effect  the  solidification  of 
mercury.    A  small  globide  of  this  metal  may  readily 
be  frozen  by  dropping  some  liquid  sulphurous  acid 
upon  it  in  a  watch-glass  placed  in  a  strong  draught  of 
air.    The  tube  containing  the  sulphurous  acid  should 
be  held  in  a  woollen  cloth  or  glove.  The  attractive  ex- 
periment of  freezing  water  in  a  red-hot  crucible  may 
also  be  made  with  the  liquid  acid.  A  platinum  crucible 
being  heated  to  redness,  and  some  liquid  sulphurous 
acid  poured  into  it,  the  liquid  becomes  surrounded  with  an  atmosphere  of  sulphurous 
acid  gas  which  prevents  Its  contact  with  the  metal  (assumes  the  spheroidal  st^ite) 
and  Its  temperature  is  reduced  by  its  own  evaporation  to  so  low  a  degree  that  a  few 
drops  ot  water  allowed  to  flow  into  it  will  at  once  become  converted  into  ice. 

Sulphurous  acid  gas  is  very  easily  absorbed  by  water,  as  may  be  shown 
by  pouring  a  little  water  into  a  bottle  of  the  gas,  closing  the  bottle  with 
the  palm  of  the  hand,  and  shaking  it  violently  (see  fig.  148,  p.  139), 
Avhen  the  diminished  pressure  due  to  the  absorption  of  the  gas  will  cause 
the  bottle  to  be  sustained  against  the  hand  by  the  pressure  of  the 
atmosphere.  Water  absorbs  43-5  times  its  bulk  of  the  gas  at  the  ordi- 
nary temperature.  If  the  solution  be  exposed  to  a  low  temperature,  a 
crystaUised  hydrate  of  sulphurous  acid  is  obtained,  the  composition '  of 
which  does  not  appear  to  be  accurately  settled.  When  the  solution  of 
sulphurous  acid  is  kept  for  some  time  in  a  bottle  contaming  air,  its  smell 
gradually  disappears,  the  acid  absorbing  oxygen  and  becoming  converted 
mto  sulphuric  acid. 

Sulphurous  acid,  like  carbonic  acid,  possesses  in  a  high  degree  the 
power  of  extinguishing  flame.  A  taper  is  at  once  extinguished  in  a 
bottle  of  the  gas,  even  when  containing  a  considerable  proportion  of  aii-. 
One  of  the  best  methods  of  extinguishing  burning  soot  in  a  chimney 
consists  in  passing  up  sulphurous  acid  by  burning  a  few  ounces  of  sul- 
phur in  a  pan  placed  over  the  fire. 

The  principal  uses  of  sulphurous  acid  depend  upon  its  property  of 
bleaching  many  animal  and  vegetable  colouring  matters.     Although  a 
far  less  powerful  bleaching  agent  than  chlorine,  it  is  preferred  for  bleach- 
ing silk,  straw,  wool,  sponge,  isinglass,  baskets,  &c.,  which  would  be 
injured  by  the  great  chemical  energy  of  chlorine.    The  articles  to  be 
bleached  are  moistened  Avith  water  and  suspended  in  a  cliamber  iu  which 
sulphurous  acid  is  produced  by  the  combustion  of  sulphur.    The  colour- 
ing matters  do  not  appear  in  general  to  be  decomposed  by  the  acid,  but 
rather  to  form  colourless  combinations  with  it,  for,  in  course  of  time 
the  original  colour  often  reajjpears,  as  is  seen  ki  straw,  flannel,  &c.  which 
become  yellow  from  age,  the  sulphurous  acid  probably  being  oxidised 
into  sulphuric  acid.    Stains  of  fmit  and  port  wine  on  linen  are  conve- 
niently'- removed  by  solution  of  sulphurous  acid. 

The  red  solution  obtained  by  boiling  a  few  chips  of  logwood  with  river  water  Crlio 
tilled  water  does  not  give  so  fine  a  colour),  serves  to  illustrate  the  bleaching  proper- 
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ties  of  siilpliurous  acid.  A  few  dvops  of  the  solution  of  the  acid  will  at  once  change 
the  red  colour  of  the  solution  to  a  light  yellow,  but  that  the  colouring  power  is  sus- 
pended and  not  destroyed,  may  be  shown  by  dividing  the  yellow  liquid  into  two 
parts,  and  adding  to  them,  respectively,  potash  and  diluted  sulphuric  acid,  which 

will  restore  the  colour  in  a  modified  form.  To  contrast 
this  with  the  complete  decomposition  of  the  colouring 
matter,  a  little  sulphurous  acid  may  be  added  to  a  weak 
solution  of  the  permanganate  of  potash,  when  the  splendid 
red  solution  at  once  becomes  perfectly  colourless,  and  nei- 
ther acid  nor  alkali  can  effect  its  restoration,  for  in  this 
case  the  red  permanganic  acid  (MujOj),  supposed  to  exist 
in  the  permanganate  of  potash,  is  reduced  to  the  state  of 
protoxide  of  manganese. 

If  a  bunch  of  damp  coloured  flowers  be  suspended  in  a 
bell-jar  over  a  crucible  containing  a  little  burning  sulphur 
(fig.  188),  many  of  the  flowers  will  be  completely  bleached 
by  the  sulphurous  acid,  and  by  plunging  them  afterwards 
into  diluted  sulphuric  acid  and  ammonia,  their  colours 
may  be  partly  restored,  with  some  very  curious  modifica- 
tions. 

Another  very  useful  property  of  sulpliurous  acid  is  that  of  arresting 
fermentation  (or  putrefaction),  apparently  lay  killing  the  vegetahle  or  ani- 
mal growth  which  is  the  cause  of  the  fermentation.  This  is  commonly 
designated  the  antiseptic  property  of  sulphurous  acid,  and  is  turned  to 

account  when  casks  for  wine  or  heer 
w  are  suljphured  in  order  to  prevent  the 

I  action  of  any  substance  contained  in  the 

pores  of  the  wood,  and  capable  of  ex- 
citing fermentation,  upon  the  fresh  liquor 
to  be  introduced.  If  a  little  solution  of 
sugar  be  fermented  with  yeast  m  a  flask 
provided  with  a  funnel  tube  (fig.  189), 
a  solution  of  sulphurous  acid  poured  ia 
through  the  latter  will  at  once  arrest  the  fer- 
mentation. The  salts  of  sulphurous  acid 
Fig.  189,  (sulphites)  are  also  occasionally  used  to 

arrest  fermentation,  in  the  manufacture  of 
sugar,  for  instance.  Clothes  are  sometimes  fumigated  with  sulphurous 
acid  to  destroy  vermin. 

The  disposition  of  sulphurous  acid  to  absorb  oxygen  and  pass  into  sul- 
phuric acid,  renders  it  a  powerful  deoxidising  or  reducing  agent.  Solu- 
tions of  silver  and  gold  are  reduced  to  the  metallic  state  by  srdphurous 
acid  if  a  very  little  ammonia  be  added,  and  a  gentle  heat  appHed. 

If  a  solution  of  sulphurous  acid  be  heated  for  some  time  in  a  sealed  tube  to  340°  K 
one  portion  of  the  acid  deoxidises  another,  sulphur  is  separated,  and  sulphuric  acid 
formed;  SSOg  +  2H0  =  2(HO.S03)  -l-  S. 

Sulphurous  acid  gas  combines  with  ammonia  gas  to  form  two  solid  compounds 
(NH3.SO2,  and  NH3.2SO,) -which  are  quite  different  in  their  properties  from  the 
sulphite  and  bisulphite  of  ammonia  (NH^.HO.SOo,  and  NHs.HO.2SO2),  which  are 
formed  when  sulphurous  acid  acts  upon  solution  of  ammonia. 

Chlorine  combines  with  an  equal  volume  of  sulphurous  acid,  under  the  influence 
of  bright  sunshine,  to  produce  a  colourless  liquid,  the  vapour  of  which  is  very  acrid 
and  irritating  to  the  eyes.  Its  composition  is  represented  by  SO^Cl,  and  it  is  some- 
times called  chlorosnlphuric  acid,  though  it  docs  not  combine  with  bases,  and  is  de- 
composed by  water,  yielding  hydrochloric  and  sulphuric  acids.  It  is  also  known  as 
chloride  of  aulp/mri/le.  SO,  being  looked  upon  as  the  radical  of  sulpliuric  acid.  Tlie 
chloride  of  thionyle,  SOCl,  is  a  colourless  volatile  liquid  obtained  by  the  action  ol 


Fig.  188. 
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liypochlorous  acid  gas  ou  sulphur  dissolved  in  the  suhchloride  of  sulphur.  It  is 
decomposed  hy  water,  yielding  hydrochloric  and  sulphurous  acids. 

Potassium  and  sodium,  when  heated  in  sulijliurous  acid,  hurn  vividly,  producing 
the  oxides  and.sulphides  of  the  metals. 

Iron,  lead,  tin,  and  zinc  are  also  converted  into  oxides  and  sulphides  when  heated 
in  sulphurous  acid ;  SOj  +  Zug  ==  ZnS  +  2ZnO  . 

Sulphites. — ^The  acid  cliaracter  of  sidphurous  acid  is  rather  feeble,  al- 
though stronger  than  that  of  carbonic  acid.  There  is  much  general 
resemblance  between  the  sulpliites  and  carbonates,  in  point  of  solubility, 
the  sulphites  of  the  alkali-metals  being  the  only  salts  of  sulphurous  acid 
which  are  freely  soluble  in  Avater.  Sulphurous  acid,  like  carbonic,  forms 
two  classes  of  salts,  the  sulphites  (for  example,  sulphite  of  soda,  NaO  .  SO2) 
and  bisulphites  (as  bisulphite  of  potash,  KO  .  HO  .  2SO2). 

The  sulphite  of  soda  is  extensively  manufactured  for  the  use  of  the 
paper-maker,  who  employs  it  as  an  antichlore  for  Idlling  the  bleach,  that 
is,  neutralising  the  excess  of  chlorine  after  bleaching  the  rags  with  chlo- 
ride of  lime  and  sulphuric  acid  (see  p.  145) — 

NaO .  SO2    -I-    HO    -F    CI    =    NaO .  SO3    +    HCl  . 

It  is  prepared  by  passing  sulphiu'ous  acid  over  damp  crystals  of  car- 
bonate of  soda,  when  the  carbonic  acid  is  expelled,  and  sulpliite  of  soda 
formed,  which  is  dissolved  in  water  and  crystallised.  It  forms  oblique 
prisms  having  the  composition  NaO  .  SOj  +  7Aq,  which  effloresce  in  the 
air,  becoming  opaque,  and  slowly  absorbing  oxygen,  passing  into  sulphate 
of  soda  (E"aO .  SO3).    Its  solution  is  slightly  alkaKne  to  test-papers. 

For  the  manufacture  of  sulphite  of  soda,  the  sulphurous  acid  is  obtained 
either  by  the  combustion  of  sulphur  or  by  heating  sulphuric  acid  with 
charcoal — 

2(HO.S03)    +    C    =     2H0    +    CO2    +    2SO2  . 

The  carbonic  acid,  of  course,  will  not  interfere  with  this  application  of 
the  sulphurous  acid. 

145.  Composition  of  sulphurous  acid. — "When  sulphur  is  burnt  in 
oxygen,  the  volume  of  the  sidj^hurous  acid  produced  is  equal  to  that  of 
the  oxygen,  so  that  1  vol.  of  sulphui-ous  acid  contains  1  vol.  of  oxygen. 

The  weight  of  1  vol.  (sp.  gr.)  of  sulphurous  acid  is,  .  2-2470 
Deducting  the  weight  of  1  vol.  (sp.  gr.)  of  oxygen,     .  1-1056 

•  1-1414 

The  remainder  represents  the  weight  of  sulphur  vapour  contained  in 
one  volume  of  sulphurous  acid.  But  it  has  been  seen  (p.  195)  that  the 
weight  of  one  volmne  of  sulphur  vapour  (at  1900°  F.)  is  2-23,  so  that  the 
above  weight  represents  half  a  volume  of  sulphur  vapom- ;  and  2  vols,  of 
sulphurous  acid  contain  2  vols,  of  oxygen  and  1  vol.  of  sulphur  vapour. 

The  quantity  of  sulphurous  acid  wliich  generally  combines  with  one 
equivalent  of  a  base  amounts  to  32  parts  by  Aveight,  which  may,  there- 
fore, be  taken  as  the  equivalent  weight  of  sulphurous  acid.  This  Aveight 
would  occupy  twice  the  volume  of  8  pai-ts  by  weight  of  oxygen. 

One  equivalent  of  sulphtirous  acid,  therefore,  representing  32  parts  by 
weight  or  2  vols.,  contains  1  eq.  (16  parts  by  weight)  or  1  vol  of  sulphur 
vapour,  and  2  eqs.  (16  parts  by  weight)  or  2  vols,  of  oxygen. 

The  molecular  formula  of  sulphurous  acid  would  be  S60  (§==32,0  =  16) 
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representing  2  vols,  of  the  gas  (H  =  1  vol.),  containing  1  vol.  (or  1  atom) 
of  sulphur  vapour  and  2  vols,  (or  2  atoms)  of  oxygen. 

Just  as  in  the  case  of  carbonic  acid  (see  p.  75),  many  chemists  deny  the 
acid  nature  of  the  compound  SOg  altogether,  and  term  it  sulphurous 
anhydride,  reserving  the  name  of  sulphurous  acid  for  the  hydrated  sul- 
phurous acid,  HO .  SOj  or  HSO3  (or  H^SO^),  obtained  by  exposing  the 
aqueous  solution  of  sulphurous  acid  to  a  very  low  temperature. 


Sulphuric  Acid. 

146.  It  has  been  already  noticed  that  one  of  the  most  abundant  forms 
in  which  sulphur  occurs  in  nature  is  that  of  sulphuric  acid  in  combina- 
tion with  certain  bases.  Hydrated  sulphuric  acid  has  also  been  found  in 
certain  springs  and  rivers  in  volcanic  regions.  Sulphurous  acid  and 
oxygen  gases  combine  to  form  sulphuric  acid  (SO3)  when  passed  through 
a  tube  containing  heated  platinum  or  certain  metallic  oxides,  such  as  those 
of  copper  and  chromium,  the  action  of  which  in  promoting  the  combina- 
tion is  not  thorouglily  understood. 

The  combination  may  be  sliown  by  passing  oxygen  from  the  tube  A  (fig.  190) 
connected  with  a  gas-holder,  through  a  strong  solution  of  sulphurous  acid  (B),  so 

that  it  may  take  up  a  quantity  of  that  gas, 
afterwards  through  a  tube  (C)  containing 
pumice  stone  soaked  with  oil  of  vitriol,  to 
remove  the  water,  and  then  through  a 
bulb  (D)  containing  platinised  asbestos 
(see  p.  132).  The  mixture  of  the  gases 
issuing  into  the  air  is  quite  invisible,  but 
when  the  bulb  is  gently  heated,  combina- 
tion takes  place,  and  dense  white  clouds 
are  formed  in  the  air,  from  the  combina- 
tion of  the  anhydrous  sulphuric  acid  (SO3) 
produced,  with  the  atmospheric  moisture. 

Fig.  190.  An  easier  method  of  obtaining  the 

anhydrous  sulphuric  acid  will  be 
noticed  hereafter,  but  the  hydrated  acid  is  of  so  much  more  importance 
that  its  preparation  and  properties  should  be  studied  before  those  of  the 
anhydrous  acid. 

Hydrated  sulphuric  acid. — ^More  than  four  centuries  ago,  the  alchemist 
BasU  Valentine  subjected  green  vitriol,  as  it  was  then  called  (sulphate  of 
iron),  to  distillation,  and  obtained  an  acid  liqiud  wliich  he  named  oii 
of  vitriol.  The  process  discovered  by  this  laborious  monk  is  even 
now  in  use  at  Nordhausen  in  Saxony,  and  the  Nordhauseii  oil  of  vitriol 
is  an  important  article  of  commerce.  The  crystals  of  sulphate  of  iron 
(FeO .  SO3  -t-  7H0)  are  exposed  to  the  air  so  that  they  may  absorb 
oxygen,  and  become  converted  into  the  basic  persulphate  of  iron — 


2(FeO.S03)    +    O  = 


Fe,0,.2S03  , 

Bfts'C  persHlpliato 
of  iron. 


This  salt  is  dried,  and  distilled  in  earthen  retorts,  the  oil  of  vitiiol 
being  condensed  in  receivers  of  glass  or  stoneware.  The  action  of  heat 
upon  the  basic  persulphate  of  iron  separates  the  acid  from  the  base,  and 
if  the  salt  were  absolutely  dry,  the  anlTydrous  sulphuric  acid  would  be 
expected  to  distil  over.    There  is  always  enough  water,  however,  left  in 


MANUFACTUPE  OF  OIL  OF  VITRIOL. 


201 


lliG  persulphate,  to  combine  with  the  anhydrous  acid  to  form  the  Nord- 
hausen  oil  of  vitriol,  the  composition  of  Avhich  is  pretty  correctly  ex- 
pressed by  the  formula  HO .  280,.  The  peroxide  of  iron  (Fe^O^)  which  is 
left  in  the  retorts,  is  the  red  powder  Imown  as  cohothar,  which  "is  used  for 
polishing  plate  glass  and  metals. 

The  green  vitriol  employed  for  preparing  the  Nordhausen  acid  is  obtained  from 
iron  pyrites  (FeS^).  A  particular  variety  of  this  mineral,  tvhife  jMjritea  (or  efflores- 
cent pyrites),  when  exposed  to  moist  air,  undergoes  oxidation,  yielding  sulphate  of 
iron  and  sulphuric  acid — 

FeSj  +  m  +  0^  =  FeO.SO.,  +  HO .  SO3 . 
Large  masses  of  this  variety  of  pyrites  in  mineralogical  cabinets  may  often  be 
seen  broken  up  into  small  fragments,  and  covered  with  an  acid  efflorescence  of  sul- 
phate of  iron  from  this  cause.  Ordinary  iron  pyrites  is  not  oxidised  by  exposure  to 
the  air  unless  it  be  first  subjected  to  distillation  in  order  to  separate  a  portion  of  the 
sulphur  which  it  contains. 

The  Nordhausen  acid  is  readily  distinguished  from  English  sulphuric 
acid  by  its  fuming  in  the  air,  when  the  bottle  is  opened.  This  is  due  to 
the  escape  of  a  Httle  vapour  of  anhydrous  sulphuric  acid.  It  is  heavier 
than  the  English  acid,  its  specific  gravity  being  1  -9.  It  is  chiefly  used 
for  dissolving  indigo  in  preparing  the  Saxony  blue  dye,  and  is  a  con- 
venient source  of  the  anhydrous  sulphuric  acid;  for  if  it  be  gently  heated 
in  a  retort,  the  anhydrous  acid  is  disengaged,  and  may  be  condensed  in 
silky  crystals  in  a  receiver  kept  cool  by  ice,  whilst  ordinary  hydrated  sul- 
phuric acid  (HO .  SO3)  is  left  in  the  retort. 

The  process  adopted  at  Nordhausen,  though  simple  in  theory,  is  expen- 
sive on  account  of  the  consumption  of  fuel  and  the  breaking  of  the  retorts, 
so  that  the  price  of  the  acid,  compared  with  that  of  English  manufacture' 
is  very  high. 

The  fii-st  step  towards  the  discovery  of  our  present  process  was  also 
made  by  Valentine,  when  he  prepared  his  oleum  mljjhicris  per  campanum, 
by  burning  sulphur  under  a  bell-glass  over  water,  and  evaporating  the  acid 
hquid  thus  obtained.  The  same  experimenter  also  made  a  very  important 
advance  when  he  burnt  a  mixture  of  sulphur,  sulphide  of  antimony,  and 
nitre,  under  a  bell-glass  placed  over  water ;  but  it  was  not  imtil  the  middle  of 
the  eighteenth  century  that  it  was  suggested  by  some  French  chemists  to 
bum  the  sulphur  and  nitre  alone  over  water,  a  process  by  which  the  acid  ap- 
pears actually  to  have  been  manufactured  upon  a  pretty  large  scale.  The 
substitution  of  large  chambers  of  lead  for  glass  vessels  by  Dr  Eoebuck  was 
a  great  improvement  in  the  process,  and  about  the  year  1770  the  prepara- 
tion of  the  acid  formed  an  important  branch  of  manufactiu-e ;  since  then 
the  process  has  been  steadily  improving,  until,  at  the  present  time,  up- 
wards of  100,000  tons  are  annually  consumed  in  Great  Britain,  and  a  very 
large  quantity  is  exported.    The  diminution  in  the  price  of  oil  of  vitriol 
well  exhibits  the  progress  of  improvement  in  its  production,  for  the 
ongmal  oil  of  sulplmr  appears  to  have  been  sold  for  al  iout  half-a-crown  an 
ounce,  and  that  prepared  by  burning  sulphur  with  nitre  in  glass  vessels  at 
the  same  price  per  pound  ;  but  wJien  leaden  chambers  were  introduced 
the  price  fell  to  a  shilling  per  pound,  and  at  present  oil  of  vitriol  can  be 
purchased  at  the  rate  of  five  farthings  per  pound. 

The  description  of  the  present  process  of  manufacture  Avill  bo  best 
understood  after  a  consideration  of  the  chemical  changes  uijon  which  it 
depends.  " 

It  has  been  seen  tliat  when  sulplmr  is  burnt  in  air,  sulphurous  acid  is 
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the  chief  product.    When  sulphurous  acid  acts  upon  hydrated  nitric  acid, 
in  the  presence  of  water,  sulphuric  acid  and  nitric  oxide  are  formed — 

3S0,  +  HO.NO,  +  2H0  =  3  (HO .  SO.,)  +  NO^  . 

Mtric  oxide,  in  contact  with  air,  combines  with  its  oxygen  to  form 
nitric  peroxide  (NOJ. 

If  nitric  peroxide  is  brought  into  contact  with  sulphurous  acid  and 
water,  it  is  again  converted  into  nitric  oxide  with  formation  of  sulphuric 
acid — 

NO,    +    2SO2    +    2H0    =    NO2    +  2(HO.S03). 

It  appears,  therefore,  that  nitric  oxide  may  be  employed  to  absorb 
oxygen  from  the  air,  and  to  convey  it  to  the  sulphurous  acid,  so  that, 
theoretically,  an  unlimited  quantity  of  sulphurous  acid,  supplied  with  air 
and  water,  might  be  converted  into  sulphuric  acid  by  a  given  quantity  of 
nitric  oxide. 

To  illustrate  these  important  chemical  principles  of  the  mamifa.cture  of  sulphuric 
acid,  the  following  experiments  may  be  performed: — 

I.  A  quart  bottle  of  nitric  oxide  (p.  130)  is  placed  mouth  to  mouth  with  a  pint 
bottle  of  oxygen,  when  both  bottles  will  be  filled  with  the  red  nitric  peroxide. 

II.  The  quart  bottle  of  this  red  gas  is  placed  mouth  to  mouth  with  a  quart  bottle 
of  sulphurous  acid  gas  (fig.  191),  when  the  red  colour  will  soon  disappear,  and  the 

sides  of  the  bottles  will  be  covered  with  a  crystalline 
substance  formed  by  the  reaction  between  the  nitric 
peroxide,  the  sulphurous  acid,  and  the  small  quantity 
of  water  present  in  the  gases.  The  true  composi- 
tion of  this  crystalline  body  is  doubtful,  but  if, 
for  the  purpose  of  the  present  reasoning,  it  be  re- 
garded as  NO2  .  2SO3  .  HO,  its  formation  would  be 
represented  by  the  equation — 

NO4    -f-    2SO2    +    HO    =  NO2.2SO3.HO. 

III.  A  little  water  is  shaken  round  the  insides  of  " 
the  bottles,  when  the  crystalline  compound  wiU  be 
decomposed  with  etFervescence,  evolving  nitric  oxide, 
and  producing  hydrated  sulphuric  acid — 

NO2.2SO3.HO  +  HO  =  NO2  -1-  2(HO.S03). 

IV.  Air  is  blown  into  the  bottles  through  a  glass  tube,  when  the  presence  of  the 
nitric  oxide  will  be  proved  by  the  formation  of  the  rod  nitric  peroxide. 

In  the  presence  of  abundance 
of  water  this  crystalline  com- 
pound is  not  produced,  as  may 
lie  shown  by  the  following  modi- 
fication of  the  experiment. 

V.  A  large  glass  flask  or 
globe  (A,  fig.  192)  is  fitted  with 
a  cork,  through  which  are 
passed — 

(a)  a  tube  connected  with  a 
flask  (D)  containing  copper  and 
strong  sulphuric  acid,  for  evolv- 
ing sulphurous  acid  ; 

(6)  a  tube  connected  with  a 
flask  (B)  conlaining  copper  and 
diluted  nitric  acid  (sp.  gr.  ]"2) 
for  supplying  nitric  oxide  ; 

(c)  a  tube  proceeding  from 
a  small  flask  (E)  containing 
water.  .  . 

On  applying  a  gentle  heat  to  the  flask  containing  nitric  acid  and  copper,  the  nitric 
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Fig.  192. —Preparation  of  sulphuric  acid. 
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oxide  passes  into  the  globe  and  combines  with  the  oxygen  of  tlio  air,  filling  the 
globe  with  red  nitric  peroxide.  The  nitric  oxide  llaslc  may  then  bo  removed.  Sul- 
phurous acid  is  then  generated  by  heating  the  Qask  containing  sulphuric  acid  and 
copper ;  the  sulphurous  acid  will  soon  decolorise  the  rod  nitric  peroxide,  the  con- 
tents of  tlie  globe  becoming  colourless,  and  the  crystalline  compound  forming 
abundantly  on  the  sides  :  the  sulphurous  acid  flask  may  then  be  removed.  Steam 
is  sent  into  the  globe  from  the  flask  containing  water,  when  the  crystalline  compound 
will  be  dissolved,  and  sulphuric  acid  will  collect  at  the  bottom  of  the  globe.  If  air 
be  now  blown  into  the  globe,  the  nitric  oxide  will  again  acquire  the  red  colour  of 
nitric  peroxide. 

If  the  experiment  be  repeated,  the  steam  being  introduced  simultaneously  with 
the  sulphurous  acid,  no  crystalline  compound  whatever  will  be  formed,  the  sulphurous 
acid  being  at  once  converted  into  hydrated  sulphuric  acid. 

Since  the  cork  is  somewhat  corroded  in  this  experiment,  it  is  preferable  to  have 
the  mouth  of  the  flask  ground  and  closed  by  a  ground  glass  plate,  perforated  with 
holes  for  the  passage  of  the  tubes.  The  perforations  are  easily  made  by  placing  tlie 
glass  plate  flat  against  the  wall  and  piercing  it  with  tlie  point  of  a  revolving  rat's- 
tail  file  dipped  in  turpentine  ;  the  file  is  then  gradually  worked  through  the  hole 
until  the  latter  is  of  the  required  size. 

The  process  employed  for  the  manufacture  of  English  oil  of  vitriol  will 
now  he  easily  understood. 

A  series  of  chambers  is  constructed  of  leaden  plates,  the  edges  of 
which  are  united  by  autogenous  soldering  (that  is,  by  fusing  their  edges, 
without  solder,  which  would  be  rapidly  corroded  by  the  acid  vapotu's) ; 
the  leaden  chambers  are  supported  and  strengthened  by  a  framework  of 
timber  (fig.  193). 

The  sulphurous  add  is  generated  by  burning  sulphiu'  or  iron  pyrites  in 
a  suitable  furnace  (A)  adjoining  the  chambers,  and  so  arranged  that  the 
sidphurous  acid  produced  may  be  mixed  with  about  the  proper  quantity 
of  air  to  furnish  the  oxygen  required  for  its  conversion  into  sulphuric 
acid. 

Nitiic  acid  vapour  is  evolved  from  a  mixture  of  nitrate  of  soda  and  oil 
of  vitriol  (see  p.  124)  contained  in  an  iron  pan  which  is  heated  by  the  com- 
bustion of  the  sulphur,  so  that  the  nitric  acid  is  carried  into  the  chambers 
with  the  current  of  sulphm-ous  acid  and  air. 

Water  covers  the  floor  of  the  chambers  to  the  depth  of  about  two  inches, 
and  jets  of  steam  are  introduced  at  different  parts  from  an  adjacent 
boiler  (B). 

The  sulphurous  acid  acts  upon  the  nitric  acid  vapour,  in  the  presence 
of  the  water,  forming  nitric  oxide  and  hydrated  sulphuric  acid,  which 
rains  down  into  the  water  on  the  floor  of  the  chambers — 

380^  +  HO.  NO,  +  2H0  =  NO,  +  3(H0 .  SO3)  . 

If  this  nitric  oxide  were  permitted  to  escape  from  the  chambers,  and  a 
fresh  quantity  of  nitric  acid  vapour  introduced  to  oxidise  another  portioji 
of  sulphurous  acid,  it  is  evident  that  1  eq.  (85  parts  by  weight)  of  nitrate 
of  soda  would  be  required  to  fiu-nish  the  nitric  acid  for  the  conversion  of 
3  eqs.  (48  parts  by  weight)  of  sulpliur,  whereas,  in  practice,  3  parts  by 
weight  onJy  of  nitrate  of  soda  are  employed  for  48  parts  of  sulphur. 

For  the  nitric  oxide  (NO,)  at  once  acquires  oxygen  from  the  air  ad- 
mitted together  with  the  sulphurous  acid,  and  becomes  nitric  peroxide 
(■^Oj))  which  oxidises  more  sulphurous  acid  in  tlie  presence  of  water, 
converting  it  into  hydrated  sulphuric  acid — 

2S0,  +  NO,  +  2110  =•-  2(H0 .  SO,)  +  NO^  . 

A  great  reduction  in  the  volume  of  the  gas  in  the  chamber  thus  takes 
place  (4  vols.  SO,  and  4  vols.  NO,  yielding  4  vols.  NO,,),  so  that  there 
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is  room  for  fhe  introduction  of  a  fresh  quantity  of  the  mixture  of  sul- 
phurous acid  and  air  from  the  furnace,  upon  which  the  nitric  oxide  acts 
as  before,  taking  up  the  oxygen  from  the  air  and  handing  it  over  to  the 
sulphurous  acid,  in  the  presence  of  water,  to  produce  a  fresh  supply  of 
hydrated  sulphuric  acid. 

But  the  nitrogen  of  the  air  takes  no  part  in  these  changes,  and  since 


Pig.  193.—  buli)hunc  acirl  chambers. 

the  oxygen  consumed  in  converting  the  sulphur  into  sulphuric  acid  is 
accompanied  by  four  times  its  volume  of  nitrogen,  a  very  large  accumula- 
tion of  this  gas  takes  place  in  the  chambers,  and  provision  must  be  made 
for  its  removal  in  order  to  allow  space  for  those  gases  which  take  part  in 
the  change.  The  obvious  plan  would  appear  to  be  the  erection  of  a  simple 
chimney  for  the  escape  of  the  nitrogen  at  the  opposite  end  of  the  chamber 
to  that  at  which  the  sulphurous  acid  and  an-  enter  it ;  and  this  plan  was 
formerly  adopted,  but  the  nitrogen  carries  off  with  it  a  portion  of  the 
nitric  oxide  which  is  so  valuable  in  the  chamber,  and  to  save  this  the 
escaping  nitrogen  is  now  generally  passed  througli  a  leaden  chamber  (C) 
nlled  with  coke,  over  which  oil  of  vitriol  is  allowed  to  trickle ;  the  oil  of 
vitriol  absorbs  the  nitric  oxide,  and  flows  into  a  cistern  (D),  from  which 
it  IS  pumped  up  to  the  top  of  another  chamber  (E)  filled  with  coke,  or 
arranged  with  shelves  in  cascade,  through  wliich  tbe  hot  sulphurous  acid 
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and  ail-  are  made  to  pass  as  they  enter,  when  they  take  up  the  nitric  oxide 
from  the  oil  of  vitriol,  and  carry  it  with  them  into  the  chamber. 

Before  the  introduction  of  this  plan  of  retaining  the  nitric  oxide  by  oil 
of  vitriol,  it  required  a  quantity  of  nitrate  of  soda  amounting  to  ^th  or 
yVth  of  the  weight  of  the  sulphur  to  convert  it  into  sulphuric  acid,  whereas 
about  ^Ltb  or  even  less  is  now  often  made  to  suffice. 

The  sulphui-ic  acid  is  allowed  to  collect  on  the  floor  of  the  chamber 
until  it  has  a  specific  gravity  of  about  1-6,  and  contains  70  per  cent,  of  oil 
of  vitriol  (HO  .  SO3).  If  it  were  allowed  to  become  more  concentrated 
than  this,  it  would  absorb  some  of  the  nitric  oxide  in  the  chamber,  so 
that  it  is  now  drawn  off. 

This  acid  is  quite  strong  enough  for  some  of  the  applications  of  sul- 
phm'ic  acid,  particularly  for  that  which  consumes  the  largest  quantity  in 
this  country,  viz.,  the  conversion  of  common  salt  into  sulphate  of  soda  as 
a  preliminary  step  in  the  manufacture  of  carbonate  of  soda.  To  save  the 
expense  of  transporting  the  acid  for  this  purpose,  the  vitriol  chambers 
form  pai-t  of  the  plant  of  the  alkali  works. 

To  convert  this  weak  acid  into  the  ordinary  oil  of  vitriol  of  commerce, 
it  is  run  off  into  shallow  leaden  pans  set  in  brickwork,  and  supported  on 
1  iron  bars  over  the  flue  of  a  furnace,  where  it  is  heated  nntil  so  much 
'  water  has  evaporated  that  the  specific  gravity  of  the  acid  has  increased  to 
1  -72.    The  concentration  cannot  be  carried  further  in  leaden  pans,  be- 
cause the  strong  acid  acts  upon  the  lead,  and  converts  it  into  sulphate — 

2(H0 .  SO3)  +  Pb  =  PbO .  SO3  +  2H0  +  SO2  . 

The  acid  of  1*72  sp.  gr.  contains  about  80  per  cent,  of  true  oil  of  vitriol 
(HO .  SO3),  and  is  largely  employed  for  making  superphosphate  of  lime, 
and  in  other  rough  chemical  manufactures.  It  is  technically  called  brown 
acid,  having  acquired  a  brown  colour  from  organic  matter  accidentally 
present  in  it. 

To  convert  this  brown  acid  into  commercial  oil  of  vitriol,  it  is  boiled 
down,  either  in  glass  retorts  or  platinum  stills,  when  water  distils  over, 
accompanied  by  a  little  sulphuric  acid,  and  the  acid  in  the  retort  becomes 
colourless,  the  brown  carbonaceous  matter  being  oxidised  by  the  strong 
sulphuric  acid,  with  formation  of  carbonic  and  sulphurous  acids.  When 
dense  white  fumes  of  oil  of  vitriol  begin  to  pass  over,  showing  that  all  the 
superfluous  water  has  been  expeUed,  the  acid  is  drawn  off  by  a  siphon. 

The  very  diluted  acid  which  distils  off  is  employed  instead  of  water  on 
the  floor  of  the  leaden  chamber. 

The  cost  of  the  acid  is  very  much  increased  by  this  concentration.  It  cannot  bo 
conducted  in  open  vessels,  partly  on  account  of  the  loss  of  sulphuric  acid,  partly  be- 
cause concentrated  sulplmric  acid  absorbs  moisture  from  the  open  air  even  at  the 
boiling  point.  Tlie  loss  by  breakage  of  the  glass  retorts  is  very  considerable,  al- 
though it  is  reduced  as  far  as  possible  by  heating  them  in  aaud,  and  keeping  them 
always  at  about  the  same  temperature  by  supplying  them  witli  hot  acid.  But  the 
boiling  point  of  the  concentrated  acid  is  very  high  (640°  F.),  and  the  retorts  conse- 
quently become  so  hot  that  a  current  of  cold  air  or  an  accidental  splash  of  acid  will 
frequently  crack  them  at  once.  Moreover,  the  acid  boils  with  succmsion  or  violent 
bumping,  caused  by  sudden  bursts  of  vapour,  whicli  endanger  the  safety  of  the  retort. 

With  platinum  stills  the  risk  of  fracture  is  avoided,  and  the  distillation  may  be 
conducted  more  rapidly,  the  brown  acid  (sp.  gr.  1-72)  being  admitted  at  the  top, 
and  the  oil  of  vitriol  (sp.  gr.  1-84)  drawn  oft'  by  a  platinum  siphon  from  the  bottom 
of  the  still,  which  is  protected  from  the  open  fire  by  an  iron  jacket.  But  since  a 
platinum  still  will  cost  £2000  or  £3000,  tlio  interest  upon  its'  value  iucroaaes  lli<> 
cost  of  production  of  the  acid. 
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ACTION  OF  SULPHURIC  ACID  ON  OKGANIC  MATTEES. 


When  the  perfectly  pure  acid  is  required,  it  is  actually  distilled  over  so  as  to 
leave  the  solid  impurities  fsulphate  of  lead,  &c.,)  behind  in  the  retort.  Some 
fragments  of  rock  crystal  should  be  introduced  into  the  retort  to  moderate  the 
bursts  of  vapour,  and  heat  applied  by  a  ring  gas-burner  with  somewhat  divergent 
jets. 

Divested  of  working  details,  this  most  important  chemical  manufacture 
may  be  thus  described  : — 

A.  mixture  of  sulphurous  acid,  air,  steam,  and  a  httle  vapour  of  nitric 
acid,  is  mtroduced  into  a  leaden  chamber  containing  a  layer  of  water.  The 
nitric  acid  is  reduced  by  the  sulphurous  acid  to  the  state  of  nitric  oxide 
(ISrO,),  which  takes  up  oxygen  from  the  air  (forming  NO,),  and  giyes_it  to 
tlie  sulphurous  acid,  which  it  converts  into  sulplmric  acid.  This  is  ab- 
sorbed by  the  water,  forming  diluted  sulphuric  acid,  which  is  concentrated 
by  evaporation,  first  in  leaden  pans,  and  afterwards  in  glass  retorts  or 
platinum  stills. 

Properties  of  oil  of  vitriol. — The  ijroperties  of  concentrated  sulphm-ic 
acid  are  very  characteristic.  Its  great  weight  (sp.  gr.  1-842),  freedom  from 
odour,  and  oily  appearance,  distinguish  it  from  any  other  liquid  commonly 
met  with,  which  is  fortunate,  because  it  is  difficult  to  preserve  a  label  upon 
the  bottles  of  tliis  powerfully  corrosive  acid.  Although,  if  absolutely  pure, 
it  is  perfectly  colourless,  the  ordinary  acid  used  in  the  laboratory  has  a 
peculiar  grey  colour,  due  to  traces  of  organic  matter.  Its  high  boiling- 
point  (640°  F.)  has  been  already  noticed ;  and  although  its  vapoiu?  is  per- 
fectly transparent  in  the  vessel  in  wliich  the  acid  is  boUed,  as  soon  as  it 
issues  into  the  air  it  condenses  into  voluminous  dense  clouds  of  a  most 
irritating  description.  Even  a  drop  of  the  acid  evaporated  in  an  open  dish 
will  fill  a  large  space  with  these  clouds.  Oil  of  vitriol  solidifies  when 
cooled  to  about  -30°  F.,  but  the  acid  once  solidified  requires  a  much 
higher  temperature  to  liquefy  it  again.  Oil  of  vitriol  rapidly  corrodes  the 
skin  and  other  organic  textures  upon  which  it  faUs,  usually  charring  or 
blackening  them  at  the  same  time.  Poured  upon  a  piece  of  wood,  the 
latter  speedily  assumes  a  dark  brown  colour ;  and  if  a  few  lumps  of  sugar 
be  dissolved  ui  a  very  little  water,  and  stirred  "vvith  oO.  of  vitriol,  a  violent 
action  takes  place,  and  a  semi-solid  black  mass  is  produced.  This  pro- 
perty of  sulphiuic  acid  is  turned  to  account  in  the  manufacture  of  black- 
ing, in  which  treacle  and  oU  of  vitriol  are  employed.  These  eflects  are  to 
be  ascribed  to  the  powerfui  attraction  of  oil  of  vitriol  for  water.  Woody 
fibre  (Ci,H,„0,„)  (which  composes  the  bulk  of  wood,  paper,  and  linen), 
and  sugar  (Ci^H^On),  may  be  regarded,  for  the  purpose  of  this  explana- 
tion, as  composed  of  carbon  associated  with  10  and  11  equivalents  of 
water,  and  any  cause  tending  to  remove  the  water  would  tend  to  elimmate 
the  carbon. 

The  great  attraction  of  this  acid  for  Avater  is  shown  by  the  high  tempe- 
rature (often  exceeding  the  boiUng  point  of  water)  produced  on  mixing 
oil  of  vitriol  with  water,  wliich  renders  it  necessary  to  be  cai-eful  in  dilut- 
ing the  acid. 

The  water  should  be  placed  in  a  jug,  and  the  oil  of  vitriol  poured  into  it  in  » 
tliin  stream,  a  glass  rod  being  used  to  mix  the  acid  with  the  water  as  it  flows  m. 
Ordinary  oil  of  vitriol  becomes  turbid  when  mixed  with  water,  from  the  separa- 
tion of  sulphate  of  lead  (formed  from  tlie  evaporating  pans),  which  is  soluble  m 
the  concentrated  but  not  in  the  diluted  acid,  so  that  if  the  latter  be  allowed  to 
stand  for  a  few  hours,  tlie  sulphate  of  lead  settles  to  the  bottom,  and  the  clear  acm 
may  bo  poured  off  free  from  lead.  Diluted  sulphuric  acid  has  a  smaller  bulk  than 
18  occupied  by  the  acid  and  water  before  mixing. 
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Even  wlieu  largely  diluted,  sulphuric  acid  corrodes  textile  fabrics  very 
rapidly,  and  tbougli  the  acid  be  too  dUute  to  appear  to  injure  them  at 
iii'st,  it  will  be  found  that  the  water  evajjorates  by  degrees,  leaving  the 
acid  in  a  more  concentrated  state,  and  the  fibre  is  then  perfectly  rotten. 
The  same  result  ensues  at  once  on  the  application  of  heat ;  thus,  if  charac- 
ters be  wTitten  on  paper  with  the  diluted  acid,  they  will  remain  invisible 
until  the  paper  is  held  to  the  fire,  when  the  acid  will  char  the  paper,  and 
the  writing  will  appear  intensely  black. 

If  oil  of  vitriol  be  left  exposed  to  the  air  in  an  open  vessel,  it  very  soon 
increases  largely  in  bulk  from  the  absorption  of  water,  and  a  flat  dish  of 
oil  of  vitriol  under  a  glass  shade  (fig.  194)  is  frequently  employed  in  the 
laboratory  for  drying  substances  with- 
out the  assistance  of  heat.  The  di-ying 
is  of  coiu'se  much  accelerated  by  plac- 
ing the  dish  on  the  plate  of  a,n  air- 
pump,  and  exhausting  the  air  from 
the  shade,  so  as  to  effect  the  drjdng 
in  vaeiio.  It  will  be  remembered 
also  that  oil  of  vitriol  is  in  constant 
use  for  drying  gases. 

At  a  red  heat,  the  vapour  of  oil 
of  vitriol  is  decomposed  into  water, 
sulphurous  acid,  and  oxygen — 

HO .  SO3    =    HO     +     SO2    +     0  . 

This  decomposition  takes  place  most  easily  when  the  vapour  is  passed 
through  a  strongly-heated  tube  of  platinum,  and  it  has  been  taken  advan- 
tage of  for  the  preparation  of  oxygen,  the  sulphurous  acid  being  absorbed 
by  passing  the  mixed  gases  through  lime.  Eeflecting  upon  the  manufac- 
ture of  oU  of  vitriol,  it  will  be  perceived  that  the  oxygen  thus  obtained 
was  originally  derived  from  the  air. 

When  sulphur  is  boiled  with  oil  of  vitriol,  the  latter  gradually  dissolves 
the  melted  sulphur,  converting  it  into  sulphurous  acid — 

S    +    2 (HO .  SO3)    =    380^    +     2H0  . 

AU  ordinary  metals  are  acted  upon  by  concentrated  sulphuric  acid  when 
heated,  except  gold  and  platinum  (this  last  even  does  not  quite  escape 
when  long  boiled  with  the  acid),  the  metal  being  oxidised  by  one  portion 
of  the  acid,  which  is  thus  converted  into  sulphurous  acid,  the  oxide  com- 
bining with  another  part  of  the  sulphuric  acid  to  form  a  sulphate.  Thus, 
when  silver  is  boiled  with  strong  sulphuric  acid,  it  is  converted  into  sul- 
phate of  silver,  which  is  soluble  in  hot  water — 

Ag    +    2(HO.S03)    =    AgO.SOg    +    2H0    +    SO^  . 

Should  the  silver  contain  any  gold,  it  is  left  behind  in  the  form  of  a  dark 
powder.  Sulphuric  acid  is  extensively  employed  for  the  separation  or 
parting  of  silver  and  gold.  This  acid  is  also  employed  for  extracting  gold 
from  copper  ;  and  wlien  sulphate  of  copper  is  manufactured  by  dissolving 
that  metal  in  sulpluu-ic  acid  (see  p.  196),  large  quantities  of  gold  are 
sometimes  extracted  from  the  accumulated  residue  left  undissolved  by  the 
acid. 

If  the  sulphuric  acid  contains  nitric  acid,  it  dissolves  a  considerable 
quantity  of  gold,  which  separates  again  in  the  form  of  a  purple  powder 
when  the  acid  is  diluted  with  water. 


Fig.  194. — Drying  over  oil  of  vitriol. 
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COMPOSITION  OF  OIL  OF  VITRIOL. 


Some  of  the  uses  of  sulphuric  acid  depend  upon  its  specific  action  on 
certain  organic  substances,  the  natui'c  of  which  has  not  yet  been  clearly 
explained.  Of  this  kind  is  the  conversion  of  paper  into  vajdahle  jjarch- 
ment  by  immersion  hi  a  cool  mixture  of  two  measm-es  of  oil  of  vitriol  and 
one  measure  of  water,  and  subsequent  washing.  The  conversion  is  not 
attended  by  any  change  in  the  weight  of  the  paper. 

Beside  oU  of  vitriol,  sulphuric  acid  forms  other  definite  combinations 
with  water.  By  evaporatmg  diluted  sulphmic  acid  in  vacuo  at  212°  F., 
an  acid  is  left  which  has  the  composition  HO .  SO3  +  2H0  (sp.  gr.  1-63). 
If  this  acid  be  evaporated  in  ah  at  400"  F.,  as  long  as  steam  escapes,  the 
remaining  acid  has  the  composition  HO.  SO3  +  HO  (sp.  gr.  1-78).  This 
acid  is  called  glacial  sulphuric  acid,  because  it  solidifies  to  a  mass  of  ice- 
like  crystals  at  47°  F. 

Composition  of  oil  of  vitriol^- — It  is  found  by  experiment  that  in  order 
to  neutralise  1  equivalent  (47  parts  by  weight)  of  potash  (KO)  there 
are  required  49  parts  by  weight  of  oil  of  vitriol.  K  49  parts  of  oil  of 
vitriol  be  heated  with  a  weighed  quantity  of  pure  oxide  of  lead,  more 
than  sufiicient  to  combine  with  the  acid,  9  parts  of  water  are  expelled, 
and  the  weight  of  the  oxide  of  lead  is  increased  by  40.  One  equivalent 
(49  parts  by  weight)  of  oil  of  vitriol,  therefore,  contains  40  parts  (1 
equivalent  =16  sulphur  +  24  oxygen)  of  anhydrous  sulphuric  acid,  and 
9  parts  (1  equivalent)  of  water.  The  specific  gravity  (or  weight  of  1. 
volume)  of  vapour  of  oil  of  vitriol  (at  880°)  is  stated  to  be  1-692,  so  that 

1  equivalent  (49  parts)  would  occupy  4  volumes  (8  parts  0  =  1  volume) — 

Weight  of  4  volumes  HO.  SO3  (1-692  x  4)  =  6-768 
Weight  of  2  volumes  HO         (  -622  x  2)  =  1-244 

5-524 

The  difference  (5-524)  represents  the  weight  of  the  vapour  of  anhydrous 
sulphuric  acid  contained  ia  4  volumes  of  vapour  of  oil  of  vitriol. 

Experiment  has  proved  that  when  the  vapour  of  anliydrous  sidphuric 
acid  is  passed  through  red-hot  porcelain  tubes,  it  yields  a  mixtui-e  of  2 
volumes  of  sulphurous  acid  and  1  volume  of  oxygen,  showing  it  to  con- 
tain 1  equivalent  of  SOg  ( =  1  equivalent  or  1  volimie  of  sulphur  and 

2  equivalents  or  2  volumes  of  oxygen)  and  1  equivalent  of  oxygen; 
hence  the  anhydrous  sulphuric  acid  contains 

1  volume  sulphur  vapour,  weighing  2-2300 
3  volumes  oxygen  „  3-3168 

5-5468 

Now  the  weight  of  1  volume  (sp.  gr.)  of  vapour  of  anliydrous  sulphiu-ic 
acid  has  been  found  by  experiment  to  be  3-01,  so  that  it  would  appear 
that  the  above  number  (5-54)  really  represents  2  volumes  of  the  vapour, 
though  the  difference  is  somewhat  greater  than  usual,  between  the  results 
of  experiment  and  calculation. 

The  number  5-546,  however,  closely  approximates  to  that  above  given 
(5-524),  as  representing  the  weight  of  the  vapour  of  the  anhydrous  acid 
contained  in  4  volumes  of  vapour  of  oil  of  vitriol. 

*  Pure  oil  of  vitriol  (HO .  SO3)  can  only  be  ohtainBil  Ijy  crystallisation,  for  when  concen- 
trated by  boiling,  a  portion  of  the  hydrate  is  decomposed,  anhydrous  sulphuric  acid  jjassing 
oti;  until  the  residual  acid  in  the  retort  contains  S)8'7  per  cent,  of  HO.  SO,. 
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It -woulcl  appear,  therefore,  that  4  vohimes  (1  equivalent)  of  vapour 
of  oil  of  vitriol  contain  2  volumes  (1  equivalent)  of  vapour  of  water, 
and  3  volimies  (1  equivalent)  of  vapour  of  anhydrous  sulphuric  acid,  or 
3  volumes  of  hydrogen  (contained  in  3  volumes  HO),  1  volume  of  sulphur, 
and  4  volumes  of  oxygen  (3  volumes  belonging  to  the  SO,,  and  1  volume 
I  to  the  HO). 

The  molecular  formula  of  oil  of  vitriol  would  therefore  he  written 
H,e.  863  or  H,&e,  (S  =  33,  e  =  16).    This  formula  would  represent 
a  molecule  of  the  acid  to  occupy  4  volumes  (H  =  1  volume)  instead  of 
:  2,  the  ordinary  molecular  volume  of  compoimd  vapours.    Some  chemists 
:  explain  this  hy  assuming  that  the  oil  of  vitriol  vapour  is  decomposed  into 
'  water  and  anhydi'ous  sulphuric  acid  at  the  temperature  (880°  F.)  at  which 
its  specific  gravity  is  determined. 

147.  Anhydrous  suljyhuric  acid  or  sulphuric  anhydride. — The  mode  of 
preparing  this  substance  from  the  fuming  sulphuric  acid  has  already  been 

:  noticed.    It  is  more  commonly  obtained  by  expeUing  the  water  from  bi- 
•  sulphate  of  soda  (ISTaO .  HO  .  3SO3)  by  fusing  it  at  a  duU  red  heat,  and 
afterwards  distilling  the  anhydrous  bisulphate  (ISTaO .  3SO3)  in  an  earthen 
retort,  when  neutral  sulphate  of  soda  (NaO  .  SO3)  is  left,  and  the  anhydrous 
;  sulphiiric  acid  passing  off  as  vapour  may  be  condensed  in  a  receiver  cooled 
by  ice. 

Anhydrous  sulphuric  acid  forms  a  white  mass  of  crystals  resembling 
:  asbestos ;  it  fumes  when  exposed  to  air,  since  it  emits  vapour  which  con- 
denses the  moisture  of  the  air,  and  it  soon  deliquesces  from  absorption  of 
water,  becoming  hydrated  sulphuric  acid.  When  throAvn  into  water  it 
his^ses  like  red-hot  iron  from  the  sudden  formation  of  steam.  It  fuses  at 
65  F.,  and  boils  at  110°  F.  The  vapour  is  decomposed,  as  mentioned 
above,  into  sulphurous  acid  and  oxygen  when  passed  through  a  red-hot 
tube.  ^  Phosphorus  burns  in  its  vapour,  combining  with  the  oxygen  and 
hberating  sulphur.  Baryta  glows  when  heated  in  the  vapour  of  anhydrous 
sulphuric  acid,  and  combines  with  it  to  form  sulphate  of  baryta. 

Anhydrous  sulphuric  acid  is  capable  of  combining  with  defiant  gas 
'  (^4^4)  and  oil-gas  (CgHg),  and  absorbs  these  from  mixtures  of  gases. 
In  the  analysis  of  coal-gas,  a  fragment  of  coke  wetted  with  Nordhausen 
sidphmic  acid  is  passed  up  into  a  measured  volume  of  the  gas  standing 
over  mercury,  to  absorb  these  illuminating  hydrocarbons. 
_  An  interesting  method  of  obtaining  the  anhydrous  sulphuric  acid  con- 
sists in  pouring  2  parts  by  weight  of  oil  of  vitriol  over  3  parts  of  anhydrous 
phosphoric  acid,  contained  in  a  retort  cooled  in  ice  and  salt,  and  after- 
wards distilling  at  a  gentle  heat,  when  the  phosphoric  acid  retains  the 
water,  and  the  anhydrous  sulphuric  acid  may  be  condensed  in  a  cooled 
receiver. 

148.  Sulphaies.  Action  of  sulphuric  acid  upon  metallic  oxides. — At 
common  temperatures  sulphuric  acid  has  a  more  powerful  attraction  for 
bases  than  any  other  acid,  and  is  therefore  capable  of  displacing  all  other 
acids  from  their  salts  ;  many  cases  will  be  remembered  in  which  this  power 
of  sulphuric  acid  is  turned  to  account. 

So  great  is  the  acid  energy  of  sulphuric  acid,  that  when  it  is  allowed 
to  act  upon  an  indifferent  or  acid  metallic  oxide,  it  causes  the  separation 
of  a  part  of  the  oxygen,  and  combines  with  the  basic  oxide  so  produced. 
Advantage  ia  sometimes  taken  of  this  circumstance  for  the  preparation  of 
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ACID  AND  DOUBLE  SULPHATES. 


oxygen ;  for  instance,  Avhen  binoxide  of  manganese  is  heated  with  sul- 
phuric acid,  sulphate  of  manganese  is  produced,  and  oxygen  disengaged— 

MnOg  +  HO  .  SO3    =    MnO.SOg  +  0  +  HO  . 

Again,  if  chromic  acid  be  treated  in  the  same  way,  sulphate  of  sesquioxide 
of  cliromium  will  be  produced,  with  Hberation  of  oxygen — 

2Cr03  +  3(HO..S03)    =    Cr.Og.SSOg  +  O3  +  3H0  . 

A  mixture  of  bichromate  of  potash  (KO .  2Cr03)  and  sulphuric  acid  is 
sometimes  nsed  as  a  source  of  oxygen. 

Many  bases  are  capable  of  forming  two  salts  with  sulphuric  acid,  a 
neutral  sulphate  and  an  acid  sulphate.  The  acid  sulphates  may  be  repre- 
sented as  compounds  of  the  neutral  sulphates  Avith  hydrated  sulphuric 
acid  ;  thus,  the  neutral  sulphate  of  potash  is  KO  .  SO3,  and  the  bisulphate 
is  KO  .  SO3  ,  HO  .  SO3.  The  latter,  being  a  solid  salt  which  possesses,  at 
high  temperatures,  almost  all  the  acid  energy  of  sulphm-ic  acid,  is  most 
useful  in  tjlowpipe  and  metaUurgic  experiments.  When  strongly  heated, 
this  salt  parts  with  hydrated  sulphuric  acid,  and  neutral  sulphate  of  pot- 
ash is  left.  It  has  been  seen  that  bisulphate  of  soda  (ISTaO  .  SO3 ,  HO  .  SO3) 
parts  with  its  water  when  heated,  and  becomes  NaO .  2SO3.  Crystals 
of  anhydrous  bisulphate  of  potash  KO  .  2SO3  have  also  been  obtained. 

Sulphuric  acid  forms  a  large  number  of  double  salts  in  which  two  sul- 
phates are  combined  together.  The  large  class  of  alims  yields  examples 
of  these,  in  which  one  of  the  sulphates  contains  an  alkaline  base,  and  the 
other  a  basic  sesquioxide.  Potash-alum,  for  example,  is  represented  by 
the  formula  KO .  SO3 ,  AlgOg .  SSOg  -f-  24:Aq,  being  a  double  sulphate 
of  alumina  and  potash. 

In  consequence  of  the  tendency  of  sulphmic  acid  to  break  np  into  sul- 
phurous acid  and  oxygen  at  a  high  temperature,  most  of  the  sulphates  are 
decomposed  by  heat ;  sulphate  of  copper,  for  example,  when  very  strongly 
heated,  leaves  oxide  of  copper,  whilst  sulphurous  acid  and  oxygen  escape ; 
CuO .  SO3  =  CuO  -I-  SO2  +  0 .  Sulphate  of  iron  is  more  easily 
decomposed,  because  of  the  attraction  of  the  protoxide  of  iron  for  the 
oxygen,  with  which  it  combines  to  form  sesquioxide — 

2(Fe0.S03)    =    FcsOg    +    SOg    +  SO3 

part  of  the  acid  escaping  in  the  anhydrous  state. 

Sulphate  of  zinc  (ZnO .  SO3)  has  been  proposed  as  a  source  of  oxygen 
upon  the  large  scale,  since  it  is  a  very  cheap  salt,  and  Avhen  strongly 
heated,  yields  a  residue  of  oxide  of  zinc  which  is  useful  as  a  white  paint, 
whilst  sulphurous  acid  and  oxygen  gases  escape,  the  former  of  which  may 
be  absorbed  by  lime  or  soda,  yielding  sulphites  which  are  usefid  in  the 
arts. 

The  neutral  sulphates  of  potash,  soda,  baryta,  strontia,  lime,  and  oxide 
of  lead  are  not  decomposed  by  heat,  and  sulphate  of  magnesia  is  only 
partly  decomposed  at  a  very  laigh  temperatui'e. 

"When  a  sulphate  is  heated  Avith  charcoal,  the  carbon  removes  the  whole 
of  the  oxygen,  and  a  sulphide  of  the  metal  remains,  thus — 

KO .  SO,    +    C,    =    KS    +    4C0  . 

Sulphate  of  Sulphide  of 

potash.  potassium. 

Hydrogen,  at  a  high  temperature,  eifects  a  similar  decomposition. 
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Even  at  the  ordinary  temperature,  sulphate  of  lime  in  solution  is  some- 
times deoxidised  by  organic  juatter ;  this  may  occasionally  be  noticed  in 
well  and  river  waters  when  kept  in  closed  vessels;  they  acquire  a  strong 
smell  of  liydi'osulpluiric  acid,  in  consequence  of  the  conversion  of  a  part 
,  of  the  sulphate  of  lime  into  sulphide  of  calcium  by  the  organic  constitu- 
I  ents  of  the  water,  and  the  subsequent  decomposition  of  the  sulpiride  of 
I  calcium  by  the  carbonic  acid  present  in  the  water. 

The  following  table  exliibits  the  composition  of  the  sulphates  most 
I  frequently  met  with  :— 


Chemical  Name. 


Common  Name. 


Sulphate  of  potash 
Sulphate  of  soda 
Bisulphate  of  potash 
Sulphate  of  am-  1 
monia  J 
Sulphate  of  baryta 
Sulphate  of  lime 
Sulphate  of  mag- 
nesia 
Double    sulphate  "i 
of  alumina  and  I 
potash  J 
Double  sulphate 
of  alumina  and 


ammonia 
Double    sulphate  \ 
of     chromium  i 
and  potash  J 

Sulphate  of  iron  | 

Sulphate  of  man-  j 
ganese  J 
Sulphate  of  zinc 
Sulphate  of  lead 

Sulphate  of  copper  | 


Sal  polychrest 
Glauber's  salt 


Heavy  spar 
Gypsum 

Epsom  salts 


Potash-alum  | 

Ammonia-  I 
alum  ( 

Chrome-  j 
alum  \ 

Green  vitriol  "l 
Copperas  / 

"White  vitriol 

Blue  vitriol  1 
Blue  stone  | 


Equivalent  FoiTiiula. 


KO    .  SOg 

NaO  .  S63  +  lOHO 
KO  .  SO3,  HO  .  SO3 

NH3  .  HO  .  SO3 

BaO  .  SO3 

CaO  .  SO3  +  2H0 

MgO .  SO3  +  mo 

KO  .  SO3, 

AI2O3  .  3SO3  +  24HO 


NH3  .  HO  .  SO3, 
AI2O3  .  3SO3  +  24HO 


KO  .  SO3, 

Cr203 .  3SO3  -I-  24HO 
PeO  .  SO3  +  7H0 

MnO  .  SO3  -f  5H0 

ZnO  .  SO3  +  7H0 
PbO  .  SO3 

CuO  .  SO,  +  5H0 


Atomic 
Unitary  Fonnula, 


K2S04 

Na^se^ .  ioH„e 
KHse^ 

(NH,),Se, 
fiaSe^ 

GaSe^  .  2B.^Q 
Mg  .  S6^ .  TH^e 


KM  2se.i .  12H2e 


NH4A12Se4.12H2e 


Ker  2Sej .  12Hje 


MnSe^ .  5H2O 
ZnSe^  .  7H,e 

pbse^ 


The  disposition  of  sulphuric  acid  to  form  acid  salts  and  double  salts, 
into  the  composition  of  which  the  acid  enters  as  2SO3  or  4SO3,  has 
induced  some  chemists  to  regard  the  true  formula  of  this  acid  as 
H/)2.SP^  or  H,S,0«  (or,  if  S  =  32  and  6  =  16,  as  H.Sej,  which 
would  require  two  equivalents  of  potash  to  form  a  neutral  salt,  making 
sulphuric  acid  a  bibasic  acid. 

149.  Hypnsulplmro7is  acfcZ.*— This  acid  has  not  been  obtained  either 
in  the  anhydrous  state  or  in  combination  with  water,  but  as  many  salts 
are  known  which  contain,  in  addition  to  a  metallic  oxide,  sulphur  and 
oxygen  in  the  proportions  expressed  by  the  formula  S^O,^,  many  chemists 
assume  the  existence  of  hyposulphurous  acid,  having  that  composition, 
in  such  salts,  which  are  therefore  called  liypoh^ilphites. 

The  liypomdpliite  of  soda  is  by  far  the  most  important  of  these  salts, 
being  very  largely  employed  in  photography,  anrl  as  a  substitute  for 


*  'Xiro,  snider,  cbntiiiiiing  Ics.s  oxygon  Limn  suljiliiiroiis  lu'i'd. 
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sulphite  of  soda  as  an  antichlore.  The  simplest  method  of  preparing 
it  consists  in  digesting  powdered  roll  sulphur  with  solution  of  sul- 
phite of  soda  (NaO .  SOg),  when  the  latter  dissolves  an  eqiiivalent  of 
sulphiu-  and  becomes  hyposulphite  of  soda  (NaO  .  SgOg),  which  crystallises 
from  the  solution,  when  sufficiently  evaporated,  in  hue  prismatic  crystals, 
having  the  formula  NaO  .  SgOg  +  5H0. 

On  a  large  scale,  the  hyposxilphite  of  soda  is  more  economically  prepared 
from  the  hyposulphite  of  lime  obtained  by  exposing  the  refuse  {tank-waste ' 
or  soda-ivaMe)  of  the  alkali-works  to  the  air  for  some  days.    Tliis  refuse 
contains  a  large  proportion  of  sulphide  of  calcium,  which  becomes  con- 
verted into  hyposidphite  of  lime  by  oxidation — 

2CaS    +    0,    =    CaO.SA    +    CaO  . 
The  hyposulphite  of  lime  is  dissolved  out  by  water,  and  the  solution 
mixed  with  carbonate  of  soda,  when  carbonate  of  lime  is  precipitated, 
and  hyposulphite  of  soda  remains  in  solution— 

CaO .  S2O2    +    NaO .  CO2   =   CaO .  COg    +   ITaO .  SaO^  . 

The  most  remarkable  and  useful  property  of  the  hyposulphite  of  soda  is 
that  of  dissolving  the  chloride  and  iodide  of  silver,  which  are  insoluble  in 
water  and  most  other  liquids. 

On  mixing  a  solution  of  nitrate  of  silver  witli  one  of  chloride  of  sodium,  a  white 
precipitate  of  chloride  of  silver  is  obtained,  the  separation  of  which  is  much  promoted 
by  stirring  the  liquid ;  AgO  .  NO5  +  NaCl  =  AgCl  +  NaO  .  NO^.  The  precipitate 
may  be  allowed  to  settle  and  washed  twice  or  thrice  by  decantation.  One  portion  of 
the  chloride  of  silver  is  transferred  to  another  glass,  mixed  with  water,  and  solution 
of  hyposulphite  of  soda  added  by  degrees.  The  chloride  of  silver  is  very  easily 
dissolved,  yielding  an  intensely  sweet  solution,  which  contains  the  hyposulphite  of 
silver,  produced  by  double  decomposition  between  the  chloride  of  silver  and  hypo- 
sulphite of  soda — 

AgCl     4-     NaO .  S2O2     =      NaCl     -l-    AgO .  S2O2  . 
Chloride  of        Hyposulphite  of  Chloride  of        Hyposulphite  of 

silver.  soda.  sodium.  silver. 

The  hyposulphite  of  silver  combines  with  the  excess  of  hyposulphite  of  soda  to 
form  the  double  salt  AgO  .  SgOj .  2(NaO .  S2O2),  which  may  be  obtained  in  extremely 
sweet  crystals  from  the  solution. 

If  the  other  portion  of  the  chloride  of  silver  be  exposed  to  the  action  of  light,  and 
especially  of  direct  sunlight,  it  assumes  by  degrees  a  dark  slate  colour,  from  the  for- 
mation of  subchloride  of  silver,  chlorine  being  set  free ;  2AgCl  =  AgjCl  +  01. 
By  treating  this  darkened  chloride  of  silver  with  hyposulphite  of  soda,  as  before,  the  un- 
altered chloride  of  silver  will  be  entirely  dissolved,  but  the  subchloride  will  be  decom- 
posed into  chloride  of  silver,  which  dissolves  in  the  hyposulphite,  and  metallic  silver, 
which  is  left  in  a  very  finely  divided  state  as  a  black  powder;  AggCl  =  AgCl  +  Ag. 
The  application  of  these  facts  in  photography  is  well  illustrated  by  the  following 
experiments.  A  sheet  of  paper  is  soaked  for  a  minute  or  two  in  a  solution  of  10 
grains  of  common  salt  in  an  ounce  of  water  contained  in  a  iiat  dish.  It  is  then 
dried,  and  soaked  for  three  minutes  in  a  solution  of  50  grains  of  nitrate  of  silver  in 
an  ounce  of  water.  The  paper  thus  becomes  impregnated  with  chloride  of  silver 
formed  by  the  decomposition  between  the  chloride  of  sodium  and  the  nitrate  of 
silver.  It  is  now  hung  up  in  a  dark  place  to  dry.  If  a  piece  of  lace,  or  a  fern  leaf, 
or  an  engraving  on  thin  paper,  with  well-marked  contrast  of  light  and  shade,  be 
laid  upon  a  sheet  of  the  prepared  paper,  pressed  down  upon  it  by  a  plate  of  glass, 
and  exposed  for  a  short  time  to  sunlight,  a  perfect  representation  of  the  object  will 
be  obtained,  those  parts  of  the  sensitive  paper  to  wliich  tlie  light  had  access  having 
been  darkened  by  the  formation  of  subchloride  of  silver,  whilst  those  parts  which 
were  protected  from  the  light  remain  unchanged. 

But  if  this  photographic  print  were  again  exposed  to  the  action  of  light,  it  would 
soon  be  obliterated,  the  unaltered  chloride  of  silver  in  the  white  parts  being  acted 
on  by  light  in  its  turn.    The  print  is  therefore  fixed  by  soaking  it  for  a  short  time 
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ill  a  saturated  solution  of  hyposulpliite  of  soda,  wliich  dissolves  the  whito  unaltered 
chloride  of  silver  entirely,  and  decomposes  the  subcbloride  formed  by  the  action  of 
light,  leaving  the  black  finely-divided  metallic  silver  in  the  paper.  Tho  print 
sihould  now  be  washed  for  two  or  three  hours  in  a  gentle  stream  of  water,  to  remove 
Lill  the  hyposulphite  of  silver,  when  it  will  be  quite  permanent. 

The  power  of  liyiwsiilj)liite  of  soda  to  dissolve  cHoride  of  silver  has 
also  been  tiu-ned  to  account  for  extracting  that  metal  from  its  ores,  in 
which  it  is  occasionally  present  in  the  form  of  chloride. 

The  behaviour  of  solution  of  hyposulphite  of  soda  with  powerful  acids 
explams  the  cii'cumstance  that  the  hyposulphurous  acid  has  not  been 
isolated,  for  if  the  solution  be  mixed  with  a  little  diluted  sulphuric  or 
hydrochloric  acid,  it  remains  clear  for  a  few  seconds,  and  then  becomes 
suddenly  tiu-bid  from  the  separation  of  sulphur,  at  the  same  time  evolving 
■d  powerful  odour  of  sulphurous  acid  ;  S2O2  =  S  +  SOo.  This  disposi- 
tion of  the  hyposulphurous  acid  to  break""  up  into  sulphurous  acid  and 
sidphur  also  explains  the  precipitation  of  metallic  sulphides,  which  often 
takes  place  when  hyposulphite  of  soda  is  added  to  the  acid  solutions  of 
the  metals.  Thus  if  an  acid  solution  of  chloride  of  antimony  (obtained 
l»y  boiling  crude  antunony  ore  (SbSg)  with  hydrochloric  acid)  be  added  to 
;i  boiling  solution  of  hjrposulphite  of  soda,  the  sulphur  separated  from  the 
liyposulphurous  acid  combines  with  the  antimony  to  form  a  fine  orange- 
led  precipitate  of  sulphide  of  antimony  (SbSg),  which  is  used  in  painting 
under  the  name  of  antimony  vermilion.  On  the  large  scale  the  solution 
of  hyposulphite  of  lime  obtained  from  the  alkali  waste  is  employed  in  the 
[ireparation  of  antimony  vernulion,  as  being  less  expensive  than  the  soda-salt. 

Instead  of  adding  sulphur  to  sulphurous  acid,  hyposulphurous  acid  in 
combination  may  be  obtained  by  removing  oxygen  from  the  former  acid. 
Thus  if  an  aqueous  solution  of  sulphurous  acid  be  acted  on  by  zinc,  one 
jiortion  of  the  acid  is  deoxidised  and  converted  into  hyposulphurous  acid, 
which  combiaes  with  the  oxide  of  zinc — 

3SO2    +    Zuj    =    ZnO.SOa    ^    ZnO .  SgOg  . 

I'he  presence  of  hyposulphite  in  the  solution  may  be  jjroved  by  adding 
hydrochloric  acid. 

When  crystals  of  hyposulphite  of  soda  are  heated  in  the  aii',  they  first 
fuse  in  their  water  of  crystallisation,  then  dry  up  to  a  white  mass,  which 
ljums  with  a  blue  flame,  leaving  a  residue  of  sulphate  of  soda.  If  heated 
"ut  of  contact  with  air,  pentasulphide  of  sodium  will  be  left  with  the.sid- 
iiliate  of  soda — 

4(NaO.S20j  +  5H0)  =  20HO  +  3(NaO .  SO3)  +  . 

None  of  the  hyposulphites  appear  as  yet  to  have  been  obtained  in  the 
|i(.Tfectly  anhydrous  state,  all  of  them  retaining  1  eq.  of  water  of  constitu- 
t  ion,  which  cannot  be  expelled  witliout  decomposition  of  the  salt.  Hence 
t  here  is  reason  for  believing  that  the  elements  of  the  water  are  really  con- 
stituents of  the  hyposulphurous  acid  itself,  and  that  instead  of  being 
'xpressed  by  the  formula  S.O^,  it  should  be  wi-ittcn  HSPg  {  =  ^^O^.B.O), 
th  ehyposiUpliite  of  soda  being  NaO.HSjOj  +  4H0,  or  NaHS^O^  +  4II0, 
I  u. stead  of  NaO  .         -1-  5  HO. 

The  atomic  formvla  of  the  hyposulphite  of  soda  would  then  be 
'^'■^.H^S^e^  +  4II,,e  (S  =  32,  O  =  16). 

150.  Ilypomilphuric  acid  or  dithionic  acid  hhs  nai  at  present  acquired  any  practical 
iiiiportanco,  and  has  not  been  obtained  in  the  anhydrous  state.  To  prepare  a  solu- 
'i'ln  of  the  acid,  binoxide  of  manganese  in  a  state  of  fine  division  is  suspended  in 
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water  and  exposed  to  a  curreut  of  sulphurous  acid  gas,  the  water  being  kept  very  , 
cold  whilst  the  gas  is  passing.    A  solution  of  hyposulphate  of  manganese  is  thus  4 
obtained  ;  2SO2  +  MnO^  =:  MnO  .  SjOg.    Some  sulphate  of  manganese  is  always  ■ 
formed  at  the  same  time  ;  SO^  +  MnO^  =  MnO  .  SO3,  and  if  the  temperature  bo 
allowed  to  rise,  this  will  be  produced  in  large  quantity. 

The  solution  containing  sulphate  and  hyposulphate  of  manganese  is  decomposed  I 
by  solution  of  baryta  (baryta- water),  when  the  oxide  of  manganese  is  precipitated,  . 
together  with  sulphate  of  baryta,  and  hyposulphate  of  baryta  is  left  in  solution.  To  < 
the  filtered  solution  diluted  sulphuric  acid  is  carefully  added  until  all  the  baryta  is  i 
precipitated  as  sulphate  of  baryta,  when  the  solution  of  hyposulphuric  acid  is  filtered  1 
off  and  evaporated  in  vacuo  over  oil  of  vitriol.  It  forms  a  colourless  inodorous 
liquid,  which  is  decomposed  when  heated  into  hydrated  sulphuric  and  sulphurouB 
acids  ;'  HO  .  SjOj  =  HO  .  SO3  +  SOj.  Oxidising  agents  (nitric  acid,  chlorine,  &c.)  ) 
convert  it  into  sulphuric  acid. 

The  hyposulphates  are  not  of  any  practical  importance  ;  they  are  all  soluble,  and 
are  decomposed  by  heat,  leaving  sulphates,  and  evolving  sulphurous  acid. 

151.  Trithionic  acid,  or  sulphuretted  hyposulphuric  acid,  is  also  a  practically  unim- 
portant acid,  not  known  in  the  anhydrous  state.  Its  hydrate  is  prepared  from  the 
trithionate  of  potash,  which  is  formed  by  boiling  a  strong  solution  of  bisulphite  of 
potash  with  sulphur  until  the  solution  becomes  colourless,  and  filtering  the  hot 
solution  from  any  undissolved  sulphur — 

3(KO.H0.2S02)    +    S    =    2(1:0.8305)    -t-    KO.SO2   +  3H0. 

Bisulphite  of  potash.  Trithionate  of  potash. 

The  solution  deposits  trithionate  of  potash  in  prismatic  crystals.    By  dissolving 
these  in  water,  and  decomposing  the  solution  with  perchloric  acid,  the  potash  is  • 
precipitated  as  perchlorate,  and  a  solution  of  trithionic  acid  is  produced,  from  which 
the  hydrated  acid  has  been  obtained  in  crystals.    It  is,  however,  very  unstable, 
being  easily  resolved  into  sulphurous  acid,  sulphuric  acid,  and  free  sulphur — 

HO.S3O5    =    HO.SO3    +    SO2    -t-  S. 

152.  Tetrathionic  acid,  or  bisulphuretied  hyposulphuric  acid,  is  rather  more  stable 
than  the  preceding  acid,  though  equally  devoid  of  practical  importance.  It  is  formed 
when  hyposulphite  of  baryta,  suspended  in  a  little  water,  is  treated  with  iodine, 
when  tetrathionate  of  baryta  is  obtained  in  crystals — • 

2(BaO.S302)     +    I    =    Bal    -1-    BaO .  S^Oj . 
„_     ....  .a  Iodide  of       Tetratliionate  of 

Hyposulphite  of  bai-yt  •  i^wima.  baryta. 

By  exactly  precipitating  the  baryta  from  a  solution  of  the  tetrathionate  by  addi- 
tion of  diluted  sulphuric  acid,  the  solution  of  tetrathionic  acid  may  be  obtained. 
"When  the  solution  is  boiled,  it  is  decomposed  into  sulphuric  and  sulphurous  acids 
and  free  sulphur  ;  HO  .  S^O^  =  HO  .  SO3  +  SO^  +  Sj. 

When  solution  of  perchloride  of  iron  is  added  to  hyposulphite  of  soda,  a  fine 
purple  colour  is  at  first  produced,  which  speedily  vanishes,  leaving  a.  colourless  solu- 1 
tion.    The  purple  colour  appears  to  be  due  to  the  formation  of  the  hyposulphite  of 
sesquioxide  of  iron,  which  speedily  decomposes,  the  ultimate  result  being  expressed  ■ 
by  the  equation — 

Fe^Clg    +    2(^8.0.8^0^)    =    NaO .  S.O^    +    2FeCl    +    NaCl . 
Perchloride  of       Hyposulphite  of  Tetrathionate  of       Cliloride  of       Chloride  of 

iron.  soda.  soda.  iron.  sodium. 

153.  Pcntathionic  acid  possesses  some  interest  as  resulting  from  the  action  of  sul- 
phuretted hydrogen  upon  sulphurous  acid,  when  much  sulphur  is  deposited,  and, 
pentathionic  acid  remains  in  solution — 

6HS    +    5S0.,    =    HO.S^O,    -t-    4H0    +  S^. 
Hydrated  pentathionic 
acid. 

To  obtain  a  concentrated  solution  of  tlie  acid,  sulphuretted  hydrogen  and  sul- 
phurous acid  are  passed  alternately  through  the  same  portion  of  water  until  a  largn : 
deposition  of  sulphur  has  taken  place.  This  is  allowed  some  hours  to  settle  ;  tbe 
clear  liquid  poured  off  and  the  solution  concentrated  by  evaporation,  first  over  a 
wator-bath,  and,  finally,  in  vacuo,  over  oil  of  vitriol,  for  a  concentrated  solution  o" 
pentathionic  acid  is  decomposed  by  heat  into  sulphuric  and  sulpliurous  acids,  witli 
separation  of  sulphur  ;  HO  .  S5O5  =  HO  .  SO,  -|-  SO^  +  S,. 
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Bisulphide  of  Carbon. 

I5i.  This  very  iiuportaut  compound  (also  called  hisulphuret  of  carbon) 
is  foimd  in  small  quantity  among  the  products  of  destructive  distillation 
of  coal,  and  is  very  largely  manufactured  for  use  as  a  solvent  for  sulphur-, 
phosphorous,  caoutchouc,  fatty  matters,  &c.  It  is  one  of  the  few  com- 
pounds of  carbon  which  can  he  obtained  by  the  direct  union  of  their 
elements,  and  is  prepared  by  passing  vapour  of  sulphur  over  charcoal 
heated  to  redness. 

In  small  quantity  bisulpliide  of  carbon  is  easily  prepared  in  a  tube  of  German 
glass  (combustion-tube)  about  two  feet  long  and  half-an-incb  in  diameter  (fig.  195). 
This  tube  is  closed  at  one  end,  and  a  few  fragments  of  sulphur  dropped  into  it,  so 
as  to  occupy  two  or  three  inches.    The  rest  of  the  tube  is  filled  up  with  small  frag- 


Fig.  195. 

iiients  of  recently  calcined  wood  charcoal.  The  tube  is  placed  in  a  combustion- 
furnace,  and  its  open  end  connected  by  a  perforated  cork  with  a  glass  tube,  which 
dips  just  below  the  surface  of  water  contained  in  a  bottle  placed  in  a  vessel  of  very 
cold  water.  That  part  of  the  tube  which  contains  the  charcoal  is  first  surrounded 
with  red-hot  charcoal,  and  when  it  is  heated  to  redness,  a  little  red-hot  charcoal  is 
placed  near  the  end  containing  the  sulphur  (hitherto  protected  by  a  sheet-iron  screen), 
so  that  the  vapour  of  suljjhur  may  be  slowly  passed  over  the  red-hot  charcoal.  The 
bisulphide  of  carbon  being  insoluble  in  water,  and  much  heavier  (sp.  gr.  r27),  is 
deposited  beneath  the  water  in  the  receiver.  To  purify  the  bisulphide  of  carbon 
from  the  water  and  the  excess  of  sulphur  which  is  deposited  with  it,  the  water  is 
carefully  drawn  oif  with  a  small  syphon,  the  bisulpliide  of  carbon  transferred  tn  a 
flask,  and  a  few  fragments  of  chloride  of  calcium  dropped  into  it  to  absorb  the  water. 
A  bent  tube  connected  with  a  Liebig's  con- 
denser, or  with  a  worm,  is  attached  to  the 
flask  (fig.  196)  by  a  perforated  cork,  and  the 
flask  is  gently  heated  in  a  water  bath,  when 
the  bisulphide  of  carbon  is  distilled  over  as  a 
perfectly  colourless  liquid.  The  inflammability 
of  the  bisulphide  of  carbon  renders  great  care 
necessary. 


On  a  large  scale,  a  fire-clay  retort  is  filled 
with  fragments  of  charcoal  and  heated  to 
redness,  pieces  of  sulphur  being  occa- 
sionally dropped  in  tlu-ough  an  earthen- 
ware tube  passing  to  the  bottom  of  the 
retort.  When  very  large  quantities  are 
made,  coke  is  employed,  and  the  vapour  i,,^ 
of  sulphur  is  obtained  from  iron  pyrites. 

The  bisulfjhide  of  carbon  is  possessed  of  some  very  remarkable  properties  : 
it  is  a  voiy  brilliant  liquid,  the  light  passing  through  which  is  partly  de- 
composed into  its  coinpontint  coloured  rays  before  it  reaches  the  eye. 
These  properties  are  depciicleut  upon  its  high  refractive  and  di.spersive 
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po-wers,  wliich.  are  turned  to  great  advantage  in  optical  experiments,  espe- 
cially in  spectrum  analysis,  where  the  rays  emanating  from  a  coloured 
flame  are  analysed  by  passing  them  through  a  prismatic  bottle  filled  witli 
bisulphide  of  carbon.  It  is  also  highly  diatliermanous,  that  is,  it  allows 
rays  of  heat  to  pass  through  it  with  comparatively  little  loss,  so  that  if  it 
be  rendered  opaque  to  hght  by  dissolving  iodine  in  it,  the  rays  of  light 
emanating  from  a  luminous  object  may  be  arrested,  whilst  the  calorific 
rays  are  allowed  to  pass.  It  has  never  been  frozen,  and  is  therefore 
employed  in  thermometers  for  measuring  very  low  temperatures.  Bisid- 
phide  of  carbon  is  a  very  volatile  liquid,  readily  assuming  the  form  of 
vapour  at  the  ordinary  temperature,  and  boiling  at  118°*5  F.  Its  vapour, 
when  diluted  with  air,  has  a  very  disgusting  and  exaggerated  odour  of 
sulphmetted  hydrogen,  but  the  smell  at  the  mouth  of  the  bottle  is  ethereal 
and  not  unpleasant. 

The  rapid  evaporation  of  bisulphide  of  carbon  is,  of  course,  productive  of  great 
cold.  If  a  few  drops  be  placed  in  a  watch-glass  and  blown  upon,  they  soon  pass  off 
in  vapour,  and  the  temperature  of  the  glass  is  so  reduced  that  the  moisture  of  the 
breath  condenses  upon  it  in  hoar-frost,  which  melts  when  the  glass  is  placed  in  the 
palm  of  the  hand.  If  a  glass  plate  be  covered  with  water,  a  watch-glass  containing 
bisulphide  of  carbon  placed  on  it,  and  evaporation  promoted  by  blowing  through  a 
tube,  the  watch-glass  will  be  frozen  on  to  the  plate,  so  that  the  latter  may  be  lifted 
up  by  it. 

The  bisulphide  of  carbon  is  exceedingly  inflammable ;  it  takes  fire  at  a 
temperature  far  below  that  required  to  inflame  ordinary  combustible 
bodies,  and  bums  with  a  bright  blue  flame,  producing  carbonic  and  sul- 
phurous acids  (CS2  +  Og  =  CO2  +  2SO2),  and  having  a  great  tendency  to 
deposit  sulphur  unless  the  supply  of  air  is  very  good. 

If  a  little  bisulphide  of  carbon  be  dropped  into  a  small  beaker,  it  may  be  inflamed 
by  holding  in  its  vapour  a  test-tube  containing  oil  heated  to  about  300°  F.,  which 
will  be  found  incapable  of  firing  gunpowder  or  of  inflaming  any  ordinary  com- 
bustible sabstance.  An  iron  rod  heated  below  redness  will  be  found  quite  incap- 
able of  firing  the  explosive  mixture  of  hydrogen  or  coal-gas  with  oxygen  (fig.  197), 

but  if  the  cylinder  be  placed  upon  a  glass 
plate,  on  which  is  laid  a  piece  of  paper  soaked 
in  bisulphide  of  carbon,  and  allowed  to  stand 
for  a  few  moments,  it  will  be  found  that  the 
same  rod  will  afterwards  inflame  the  mixture, 
even  although  a  little  cooler  than  before.  If 
a  little  bisulphide  of  carbon  be  dropped  into  a 
strong  cylinder  of  oxygen,  a  mixture  wiU  be 
formed  which  explodes  with  great  noise  on  the 
ajjproach  of  a  flame. 

Since  vapour  of  bisulphide  of  carbon  is  liable 
to  be  present  in  coal-gas,  its  great  inflamma- 
bility has  been  cited  to  account  for  explosions 
produced  by  sparks  from  workmen's  tools 
against  the  pavement,  which  would  be  incap- 
able of  inflaming  pure  coal-gas. 

The  abundance  of  sulphur  separated  in  the  flame  of  bisulphide  of  carbon  enables 
it  to  burn  iron  by  converting  it  into  sulphide.  If  some  bisulphide  of  carbon  bo 
boiled  in  a  test-tube  provided  with  a  piece  of  glass  tube  from  which  the  vapour  may 
be  burnt,  and  a  piece  of  thin  iron  wire  be  held  in  the  flame  (fig.  198),  it  will  burn 
with  vivid  scintillation,  the  fusible  sulphide  of  iron  dropping  ofi'. 

The  vapour  of  bisulphide  of  carbon  acts  very  injiu'iously  if  breathed  for 
any  length  of  time,  producing  symptoms  somewhat  resembling  those 
caused  by  sidphurettcd  hydrogen.  Its  poisonous  properties  have  been 
turned  to  account  for  killing  insects  in  grain  without  injuring  it. 


Fig.  197. 
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The  chief  applications  of  bisulphide  of  cai'bon  depend  upon  its  power  of 
dissolving  the  oils  and  fats.  After  as  much  oil  as  possible  has  been  ex- 
tracted from  seeds  and  fruits  by  pressure, 
a  fresh  quantity  is  obtained  by  treating  the 
pressed  cake  with  bisulphide  of  carbon, 
which  is  afterwards  recovered  by  distilla- 
tion from  the  oil.  In  Algiers  bisidphide 
of  carbon  is  employed  for  extracting  the 
essential  oils  in  which  reside  the  perfumes 
of  roses,  jasnime,  lavender,  &c. 

Bisulpliide  of  carbon  has  often  been 
made  a  starting  point  in  the  attempts  to 
produce  organic  compounds  by  synthesis. 
It  may  be  employed  in  the  formation  of 
the  hych-ocarbons  wliich  are  usually  derived 
fi-om  organic  sources,  for  if  it  be  mixed 
with  sulphuretted  hydrogen  (by  passing 
that  gas  through  a  bottle  containing  bi- 
sulphide of  carbon  gently  warmed),  and 
passed  over  copper-turnings  heated  to  red- 
ness in  a  porcelain  tube,  olefiant  gas  will  be  produced — 

4CS,  +  4HS  +  Cuj2  =  12CuS  +  C,H,  . 

The  action  of  bisulphide  of  carbon  upon  ammonia  is  practically  im- 
portant for  the  easy  production  of  sulphocyanide  of  ammonium,  which  is 
formed  when  the  bisulphide  of  carbon  is  dissolved  in  alcohol,  and  acted  on 
by  ammonia  with  the  aid  of  heat — 

2CS2       -t-       2NH3        =:        2HS       +  NH3.HC2NS2. 

Bisulphide  of  carbon.  ^    Sulphocyanide  of  ammonium. 

Bisulphide  of  carbon  is  the  sulphur-acid  corresponding  to  carbonic  acid, 
and  is  often  called  sulphocarbonic  acid;  it  combines  with  some  of  the 
sulphur-bases  to  form  sul2}hocarbonates,  which  correspond  to  the  carbonates, 
contaiaing  sulphur  in  place  of  oxygen.  Thus,  when  a  solution  of  sidpliide 
of  potassium  in  alcohol  is  mixed  with  bisulphide  of  carbon,  the  sulpho- 
carbonate  of  (sulphide  of)  potassium  is  deposited  in  orange-yellow  crys- 
tals. Even  the  hydrogen  compound  corresponding  in  composition  to  the 
imknown  hydrate  of  carbonic  acid  may  be  obtaiaed  as  a  yellow  oily  liquid 
by  decomposing  sulphocarbonate  of  potassium  with  hydrochloric  acid — 

KS.CSs-  +    HCl    =    HS.CSo    +    KCl  . 

Sulphocarbonate  Ilydrosuljihocarbonio 
of  potassium.  acid. 

As  would  be  expected,  the  sulphocarbonates,  when  boiled  vdth  water, 
exchange  their  sulphur  for  oxygen,  becoming  carbonates — 

KS.CS2  +  3H0  =  K0.CO2  +  sns. 

The  bisulphide  of  carbon  vapour  in  coal-gas  is  one  of  the  most  injuri- 
ous of  the  impurities,  and  one  of  the  most  difficult  to  remove  with  economy. 
It  is  especially  injurious,  because  when  burning  in  the  presence  of  aque- 
ous vapour,  a  part  of  its  sulphur  is  converted  into  sulphuric  acid,  the  cor- 
rosive effects  of  which  arc  so  damaging.  Several  processes  have  been 
devised  for  its  removal.  The  gas  has  lieen  washed  with  the  ammoniacal 
liquor  (containing  hydrosulphate  of  ammonia)  which  absorbs  the  bisul- 
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pMde.  Steam,  at  a  higli  temperature,  lias  been  employed  to  convert  it 
into  liydrosulphuric  and  carbonic  acids,  wliicli  are  both  easUy  removed 
from  tlie  gas;  CS^  +  2H0  =  CO,  +  2HS.  Lime  at  a  red  beat  decom- 
poses it  in  a  siimlar  way ;  CS^  +  3CaO  =  CaO .  CO,  +  2CaS.  Oxide  of 
lead  dissolved  in  caustic  soda  bas  been  used  to  convert  it  mto  sulphide  of 
lead ;  CS,  +  2PbO  +  FaO  =  2PbS  +  •STaO .  CO,.  Its  removal  as  sul- 
phocarbonate  by  an  alcoholic  solution  of  potash  or  soda  has  also  been 
proposed.  At  present,  however,  it  retains  its  character  as  one  of  the  most 
troublesome  impurities  with  which  the  gas  manufacturer  has  to  deal. 

Composition  of  bisulphide  of  carbon. — Analysis  proves  that  6  parts  by 
weight  (1  eq.)  of  carbon  are  combined  with  32  parts  (2  eqs.)  of  sulphur 
in  the  bisulphide,  and  since  1  equivalent  of  sulphide  of  potassium  (55  parts) 
is  combined  with  38  parts  of  bisulphide  in  the  sulphocarbonate,  the  formula 
CS2  is  taken  to  represent  1  equivalent  of  the  bisulphide  of  carbon.  The 
specific  gravity,  or  weight  of  1  volume  of  bisulphide  of  carbon  vapour,  is 
2-6447.  Supposing,  then,  1  equivalent  (8  parts)  of  oxygen  to  occupy  1 
volume,  1  equivalent  (38  parts)  of  bisulphide  would  occupy  2  volumes- 
Specific  grayity. 

2  volumes  of  CS,  vapour  weigh  (2-6447  x  2)  5-2894 

2  volumes  (2  equivalents)  of  sulphur  vapour  (2-23      x  2)  4-4600 


-8294 

The  difference  represents  the  weight  of  imaginary  carbon  vapour  con- 
tained in  2  volumes  of  vapour  of  bisulphide  of  carbon ;  this  weight  of 
imaginary  carbon  vapour  was  assumed,  on  the  grounds  set  forth  at  p.  81, 
to  occupy  2  volumes. 

Hence,  1  equivalent,  or  2  volumes  of  bisulphide  of  carbon  vapour,  con- 
tains 1  equivalent  or  2  volumes  of  imaginary  carbon  vapour,  combiued 
Avith  2  equivalents  or  2  volumes  of  sulphur  vapour,  its  composition  by 
volume  being  precisely  analogous  to  that  of  carbonic  acid.  The  molecular 
formula  of  bisulphide  of  carbon  would  be  OS^  =  12,  &  =  32),  repre- 
senting 2  volumes  (H  =  1  volume). 

155.  Bisulphide  of  silicon  (SiSj),  corresponding  in  composition  to  bisulplnde  of 
carbon,  is  obtained  by  burning  silicon  in  sulphur  vapour,  or  by  passing  vapour  of  bisul- 
phide of  carbon  over  a  mixture  of  silica  and  charcoal.  Unlike  the  carbon  compound, 
it  is  a  white  amorphous  solid,  absorbing  moisture  when  exposed  to  air,  and  soluble 
in  water,  which  gradually  decomposes  it  into  silicic  and  hydrosulphuric  acids — 

SiSg    +    2H0    =    SiOg    +    2HS  . 

"When  heated  in  air,  it  burns  slowly,  yielding  silicic  and  sulphurous  acids. 

156.  Bisiilphide  of  nitrogen  (NSg)  is  a  yellow  crystalline  explosive  substance,  pro- 
duced by  a  complicated  reaction  "which  takes  place  when  chloride  of  sulphur,  dis- 
solved in  bisulphide  of  carbon,  is  acted  on  by  gaseous  ammonia,  when  hydrochlorate 
of  ammonia  is  deposited,  and  the  filtered  liquid,  allowed  to  evaporate,  deposits  bisul- 
phide of  nitrogen  mixed  with  sulphur,  which  may  be  dissolved  out  by  bisulphide  01 
carbon,  in  which  the  nitrogen  compound  is  nearly  insoluble  ;  this  substance  is  re- 
markable for  its  sparing  solubility,  its  irritating  odour,  and  its  explosibility  when 
struck  or  moderately  heated,  its  "elements  being  held  together  by  a  very  feeble 
attraction. 

157.  Chlorides  of  sulphue. — The  suhcMoride,  or  dicliloride  ofsidplmr 
(S2CI),  is  the  most  important  of  these,  since  it  is  employed  hi  the  process 
of  vulcanising  caoutchouc.  It  is  very  easily  prepared  by  passing  dry 
chlorine  over  sulplmr  very  gently  heated  in  a  retort  (fig.  199)  ;  the  sul- 
phur quickly  melts,  and  the  dichloride  of  sulphur  distils  over  into  the 
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receiver  as  a  yellow  volatile  liquid  (boiling  point,  280°  F.),  wliieh  has  a 
most  peculiar  odour.    It  fumes  strongly  in  air,_  tlie  moisture  decomposing 


Fig.  199. — Preparation  of  subcUoricle  of  sulpliur. 


it,  forming  hydrocKloric  and  sulphuxous  acids,  and  causing  a  deposit  of 
sulpliur  upon  the  neck  of  the  bottle — 

2S,C1    +    2H0    =    2HC1    +    SO^    +    S3  . 

"When  poured  into  water,  it  sinks  (sp.  gr.  1-68)  and  slowly  undergoes  de- 
composition ;  the  separated  sulphur,  of  course,  belongs  to  the  electroposi- 
tive variety  (see  p.  187),  and  the  solution  contains,  beside  hydrochloric 
and  sulphurous  acids,  some  of  the  acids  containing  a  larger  proportion  of 
sulphur.  The  specific  gravity  of  the  vapour  of  dichloride  of  sulphur  is 
4-7,  showing  that  it  contains  2  vols.  CI  (4-94)  and  2  vols.  S  (4-46),  con- 
densed into  2  vols.  (9-40)  of  vapour  of  djchloride  of  sulphur.  Its  mole- 
cular fmmula  woidd  therefore  be  S„Cl2(&  =  32),  representing  2  vols. 
(H  =  1  vol.) 

Chloride  of  iulphur  (SCI)  is  a  far  less  stable  compound  than  tlie  dichloride,  from 
which  it  is  obtained  by  the  action  of  an  excess  of  chlorine.  It  is  a  dark  red  fuming 
liquid,  easily  resolved,  even  by  sunlight,  into  free  chlorine  and  dichloride  of  sulphur. 

Iodide  of  mlphur  (SI)  is  a  crystalline  unstable  substance,  produced  by  the  direct 
union  of  its  elements,  and  occasionally  employed  in  medicine. 

Subiodide  of  sulphur,  or  bisulphide  of  iodine  (S2I),  is  obtained  in  large  tabular 
crystals  resembling  iodine,  by  decomposing  the  subchloride  of  sulphur  with  iodide 
of  ethyle  ;  ^^G\  +  C^H^I  =  S^I  +  C.HgOl . 

Selenium. — Eq.  39-75. 

158.  Selenium  {liXrivn,  the  moon)  is  a  rare  element,  very  closely  allied  to  sulphur 
in  its  natural  history,  physical  characters,  and  chemical  relations  to  other  bodies. 
It  is  found  sparingly  in  the  free  state  associated  with  some  varieties  of  native  sul- 
phur, but  more  commonly  in  combination  witli  metals,  forming  selenides,  which  are 
found  together  witli  the  sulpliides.  The  iron  pyrites  of  Fahlun,  in  Sweden,  is 
especially  remarkable  for  the  presence  of  selenium,  and  was  the  source  whence  this 
element  was  first  obtained.  The  Fahlun  pyrites  is  employed  for  the  manufacture 
of  oil  of  vitriol,  and  in  the  leaden  chambers  a  reddish  brown  deposit  is  found,  which 
was  analysed  by  Borzelius  in  1817,  and  found  to  contain  the  now  element. 

In  order  to  extract  selenium  from  the  seleniferous  deposit  of  tlio  vitriol  works  it 
may  be  boiled  with  sulphuric  acid  diluted  with  an  oc|ual  volume  of  water,  and  )iitric 
acid  added  in  small  portions  until  the  oxidation  is  completed,  wlien  no  more  red 
fumes  will  escape.  The  solution,  containing  solcnious  (SoOg)  and  soleiiic  (SeO  ) 
acids,  is  largely  diluted  with  water,  filtered  off  from  the  undiasolved  matters  mixed 
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with  about  one-fourth  of  its  bulk  of  hydrochloric  acid,  and  somewhat  concentrated, 
by  evaporation,  when  the  hydrochloric  acid  reduces  the  selenic  to  selenious  acid — 

HO .  SeOa    +    HCl    =    HO .  SeOg    +    HO    +    01  . 

A  current  of  sulphurous  acid  gas  is  now  passed  through  the  solution,  when  the 
selenium  is  precipitated  in  fine  red  flakes,  which  collect  into  a  dense  black  mass 
when  the  liquid  is  gently  heated — 

HO.SeOg    +    HO    +    2SO2    =    2(HO.S03)    +    Se . 
The  proportion  of  selenium  in  the  deposit  from  the  leaden  chambers  is  variable. 
The  author  has  obtained  above  3  per  cent,  by  this  process. 

Selenium,  like  sulphur,  is  capable  of  existing  in  three  allotropic  states :  the  red 
amorphous  variety  precipitated  from  its  solutions,  or  sublimed  like  flowers  of  sul- 
phur; the  black  vitreous  form ;  and  the  crystalline  form  deposited  from  its  solution 
in  bisulphide  of  carbon,  in  which  it  is  far  less  easily  dissolved  than  sulphur.  "When 
heated,  it  fuses  easily,  boils  below  a  red  heat,  and  is  converted  into  a  deep  yellow 
vapour,  which  expands  when  heated  in  the  same  anomalous  manner  as  vapour  of 
sulphur. 

Selenium  is  less  combustible  than  sulphur ;  when  heated  in  air  it  burns  with  a 
blue  flame,  and  emits  a  peculiar  odour  like  that  of  putrid  horse-radish,  which  ap- 
pears to  be  due  to  the  formation  of  a  little  selenietted  hydrogen  from  the  moisture 
of  the  air.  When  heated  with  oil  of  vitriol,  selenium  forms  a  green  solution  which 
deposits  the  selenium  again  when  poured  into  water. 

Selenious  acid  (SeOg),  corresponding  to  sulphurous  acid,  is  the  product  of  combus- 
tion of  selenium  in  oxygen.  It  is  best  obtained  by  dissolving  selenium  in  boiling 
nitric  acid  (which  would  convert  sulphur  into  sulphurzc  acid),  and  evaporating  to 
dryness,  when  the  selenious  acid  remains  as  a  white  solid  which  sublimes  in  needle- 
like crystals  when  heated.  When  dissolved  in  boiling  water,  it  yields  a  crystalline 
hydrate  of  selenious  acid. 

Selenic  acid  (SeOg)  is  not  known  in  the  anhydrous  state.  It  is  formed  when 
selenium  is  oxidised  by  fused  nitre  ;  KO  .  NO5  -f-  Se  =  KO  .  SeOj  +  NOj.  By  dis- 
solving the  seleniate  of  potash  in  water,  and  adding  nitrate  of  lead,  a  precipitate  of 
seleniate  of  lead  (PbO .  SeOj)  is  obtained,  and  if  this  be  suspended  in  water  and 
decomposed  by  passing  hydrosulphuric  acid  gas,  lead  will  be  removed  as  insoluble 
sulphide,  and  a  solution  of  hydrated  selenic  acid  will  be  obtained — 

PbO.SeOa    -H    HS    =    HO.SeO.,    -t-    PbS  . 

This  solution  may  be  evaporated  till  it  has  a  sp.  gr.  of  2-6,  when  it  very  closely 
resembles  oil  of  vitriol.  It  is  decomposed,  however,  at  about  550°  F.,  evolviug 
oxygen,  and  becoming  selenious  acid.  It  oxidises  the  metals  like  oil  of  vitriol,  and 
even  dissolves  gold.  The  seleniates  closely  resemble  the  sulphates,  but  they  are 
decomposed  when  heated  with  hydi'ochloric  acid,  chlorine  being  evolved,  and  seleni- 
ous acid  produced. 

Mydroselenic  acid,  or  selenietted  hydrogen  (HSe),  is  the  exact  parallel  of  sulphuretted 
hydrogen,  and  is  produced  by  a  similar  process.  It  is  even  more  off'ensive  and 
poisonous  than  that  gas,  and  acts  in  a  similar  way  upon  metallic  solutions,  preci- 
pitating the  selenides. 

There  are  two  chlorides  of  selenium :  the  dichloride,  ScgCI,  a  brown  volatile  liquid 
corresponding  to  dichloride  of  sulphur ;  and  the  bichloride,  SeGl2,  a  white  crystalline 
solid,  without  any  well-established  analogue  in  the  sulphur  series. 

Notwithstanding  the  resemblance  between  tlie  two  elements,  tliere  are  two  sul- 
phides of  selenium,  a  bisulphide  (SeSg)  and  a  tersulphide  (SeS,).  The  former  is 
obtained  as  a  yellow  precipitate  when  hydrosulphuric  acid  is  passed  into  solution  of 
selenious  acid. 


Tellueium. — Eq.  64 '5. 

159.  Tellurium  (from  tellus,  the  earth)  is  connected  with  selenium  by  analogies 
stronger  than  those  wliich  connect  that  element  with  sulphur.  It  is  even  less  fre- 
quently met  witli  than  selenium,  being  found  chiefly  in  certain  Transylvaniau  gold 
ores.  ^  It  occasionally  occurs  in  an  uncombined  form,  but  more  frequently  in  com- 
bination witli  metals.  Foliated  or  graphic  tellurium  is  a  black  mineral  containing 
the  tellurides  of  lead,  silver,  and  gold.  Telluride  of  bismuth  is  also  found  in 
nature. 
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Tellurium  is  extracted  from  tlie  foliated  ore  by  a  process  similar  to  that  for  ob- 
tiuning  soleuuim.  From  telluride  of  bismuth  it  is  procured  by  strongly  heating  the 
ore  with  a  mixture  of  carbonate  of  potash  and  charcoal,  when  telluride  of  potassium 
is  formed,  which  dissolves  in  water  to  a  purple-red  solution,  from  which  tellurium  is 
deposited  on  exposure  to  air. 

Tellurium  much  more  nearly  resembles  the  metals  than  the  non-metals  in  its 
physical  properties,  and  is  on  that  account  often  classed  among  the  former,  but  it  is 
not  capable  ot'  forming  a  basic  oxide.  In  appearance  it  is  very  similar  to  bismuth 
(with  which  it  is  so  frequently  found),  having  a  pinkish  metallic  lustre,  and  being, 
like  that  metal,  crystalline  and  brittle.  It  fuses  below  a  red  heat,  and  is  converted 
into  a  yellow  vapour  at  a  higher  temperature.  When  heated  in  air  it  burns  with  a 
blue  flame  edged  with  green,  and  emits  fumes  of  tellurous  acid  (TeOj)  and  a  peculiar 
odour. 

Like  selenium,  tellurium  is  dissolved  by  strong  sulphuric  acid,  yielding  a  purple- 
red  solution,  from  which  water  precipitates  it  unchanged. 

The  oxides  of  tellurium  correspond  in  composition  to  those  of  selenium.  Tellurous 
acid  (TeOj)  is  precipitated  in  the  hydrated  state  when  a  solution  of  tellurium  in 
diluted  nitric  acid  is  poured  into  water.  If  the  nitric  solution  is  boiled,  a  crystal- 
line precipitate  of  anhydrous  tellurous  acid  is  obtained.  Unlike  selenious  acid, 
tellurous  acid  is  sparingly  soluble  in  water.  It  is  easily  fusible,  forming  a  yellow 
glass,  which  becomes  white  on  cooling,  and  it  may  be  siiblimed  unchanged.  Its  acid 
character  is  rather  feeble,  and  with  some  of  the  stronger  acids,  it  forms  soluble 
compounds  in  which  it  takes  the  part  of  a  very  feeble  base. 

Telluric  acid  (TeOj)  is  also  a  weak  acid  obtained  by  oxidising  tellurium  with  nitre, 
precipitating  the  teliurate  of  potash  with  chloride  of  barium,  and  decomposing  the 
tellurate  of  baryta  with  sulphuric  acid.  On  evaporating  the  solution,  crystals  of 
hydrated  telluric  acid  (HO  .  TeOj  +  2H0)  are  obtained,  which  become  HO .TeOg  at 
a  moderate  heat,  and  when  heated  nearly  to  redness,  are  converted  into  an  orange- 
yellow  powder,  which  is  the  anhydrous  acid.  In  this  state  it  is  insoluble  in  acids  and 
alkalies.  When  strongly  heated,  it  evolves  oxygen,  and  becomes  tellurous  acid. 
The  tellurates  are  unstable  salts  which  are  converted  into  tellurites  when  heated. 

Telluretted  hydrogen,  or  hydrotelluric  acid  (HTe),  exhibits  in  the  strongest  manner 
the  chemical  analogy  of  tellurium  with  selenium  and  sulphur.  It  is  a  gas  very 
similar_  to  sulphuretted  hydrogen  in  smell,  and  in  most  of  its  other  properties. 
When  its  aqueous  solution  is  exposed  to  the  air,  it  yields  a  brown  deposit  of  tellu- 
rium.   When  passed  into  metaUie  solutions  it  precipitates  the  tellurides. 

The  gas  is  prepared  by  decomposing  telluride  of  zinc  with  hydrochloric  acid. 

The  most  characteristic  property  of  tellurium  compounds,  is  that  of  furnishing 
the  purple  solution  of  telluride  of  potassium,  when  fused  with  carbonate  of  potash 
and  charcoal,  and  treated  with  water.  Two  solid  chlorides  of  tellurium  have  been 
obtained  ;  TeCl  is  a  black  solid  with  a  violet  coloured  vapour,  and  is  decomposed  by 
water  into  tellurium  and  TeClj.  The  latter  may  be  obtained  as  a  white  crystalline 
volatile  solid,  decomposed  by  much  water  into  hydrochloric  and  tellurous  acids. 
There  are  also  two  sulphides  of  tellurium  corresponding  to  the  oxides,  from  which 
they  may  be  obtained  as  dark  brown  precipitates,  by  the  action  of  hydrosulphuric 
acid.    They  are  both  sulphur-acids,  and,  therefore,  soluble  in  alkaline  sulphides. 

160.  Eeview  of  tlie  sulphur  group  of  elements. — The  three  elements — 
sulphur,  scleniuni,  and  tellurium — exhibit  a  relation  of  a  similar  character 
to  that  observed  between  the  members  of  the  chlorine  group,  both  in  their 
physical  and  chemical  properties. 

Sidphur  is  a  pale  yeUow  solid,  easily  fusible  and  volatile,  without  any 
trace  of  metallic  lustre,  and  of  specific  gravity  2-05  (sp.  gr.  of  vapour, 
2'23).  Selenium  is  either  a  red  powder  or  a  lustrous  mass  appearing 
black,  but  transmitting  red  light  through  thin  layers,  much  less  fusible 
and  volatile  than  sulphur,  and  of  specific  gravity  4-8  (sp.  gr.  of  vapoiir, 
5 '68).  Tellurium  has  a  brilliant  metallic  lustre,  is  much  less  fusible  and 
volatile  than  selenium,  and  of  specific  gi'avity  6 -05  (sp.  gr.  of  vapour,  9-0). 

Sulphur  (cq.  IG)  has  the  most  powerful  attraction  .for  oxygen,  hydro- 
gen, and  the  metals.  Selenium  (cq.  39-75)  ranks  next  in  the  order  of 
chemical  energy.    TeUmium  (eq.  64 -5)  has  a  less  powerful  attraction  for 
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oxygen,  hydrogen,  and  the  metals,  than  either  siilpliur  or  selenium.   This  ■ 
element  appears  to  stand  on  neutral  ground  between  the  non-metalUc 
bodies  and  the  less  electropositive  metals. 


PHOSPHOEUS. 

161.  This  is  the  only  element  for  the  ordinary  preparation  of  which 
animal  substances  are  employed.  It  is  never  known  to  occur  imcombined 
in  nature,  but  is  foimd  abundantly  in  the  form  of  jjhospltate  of  Imie 
(3CaO .  POj),  wliich  is  contained  in  the  minerals  cojjrolite,  phosphorite, 
and  ajjatite,  and  occurs  diffused,  though  generally  in  small  proportion, 
through  all  soils  upon  which  plants  will  grow,  for  this  substance  is  an 
essential  constituent  of  the  food  of  most  plants,  and  especially  of  the 
cereal  plants  wliich  form  so  large  a  proportion  of  the  food  of  animals. 
The  seeds  of  such  plants  are  especially  rich  in  the  phosphates  of  lime  and 
magnesia. 

Animals  feeding  upon  these  plants  still  farther  accumulate  the  phos- 
phoric acid,  for  it  enters,  cliiefiy  in  the  form  of  phosphate  of  lime,  into  the 
composition  of  almost  every  solid  and  liquid  in  the  animal  body,  and  is 
especially  abundant  in  the  bones,  which  contain  about  three-fifths  of 
their  weight  of  phosphate  of  liine.  It  is  from  this  source  that  our  supply 
of  phosphorus  is  chiefly  derived. 

Composition  of  the  Bones  of  Oxen. 


Animal  matter,   30-58 

Phosphate  of  lime   57'67 

Fluoride  of  calcium,  ......  2-69 

Carbonate  of  lime,   6-99 

Phosphate  of  magnesia,   2-07 


100-00 

What  is  here  termed  animal  matter  is  a  cartilagiuous  substance,  con- 
verted iuto  gelatine  when  the  bones  are  heated  with  water  under  pressure, 
and  contaruing  carbon,  hydrogen,  nitrogen,  and  oxygen.  It  was  formerly 
the  custom  to  get  rid  of  this  by  burning  the  bones  in  an  open  fire,  but 
the  increased  demand  for  chemical  products,  and  the  diminished  supply 
of  bones,  have  taught  economy,  so  that  the  cartilaginous  matter  is  now 
dissolved  out  by  heating  the  bones  with  water  at  a  high  pressure  for  the 
manufacture  of  glue ;  or  the  bones  are  subjected  to  destructive  distilla- 
tion, so  as  to  save  the  ammonia  which  they  evolve,  and  the  bone  charcoal 
thus  produced  is  used  by  the  sugar-refiner  until  its  decolorising  powers 
are  exhausted,  when  it  is  heated  in  contact  Avith  au-  to  burn  away  the 
charcoal,  and  leave  the  hone-ash,  consisting  chiefly  of  phosphate  of  lime 
(3CaO .  POj).  In  order  to  extract  the  phosphorus,  the  bone-ash  is  heated 
for  some  time  with  diluted  sidphuric  acid,  Avhich  removes  the  greater  part 
of  the  lime  in  the  form  of  the  sparingly  soluble  sulphate  of  lime,  leaving 
the  phosphoric  acid  in  the  solution,  which  is  strained  from  the  deposit, 
evaporated  to  a  syrup,  mixed  with  charcoal,  thoroughly  dried  in  an  iron 
pot,  and  distilled  in  an  earthen  retort  (fig.  200),  when  the  carbon  removes 
the  oxygen  from  the  phosphoric  acid,  and  the  phosphorus  distils  over, 
and  is  condensed  in  a  receiver  containing  Avater  to  protect  it  from  the 
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action  of  the  air.  The  decomposition  of  the  dried  phosphoric  acid  by  the 
carbon  of  the  charcoal  is  expressed  by  the  equation — 

HO.PO,     +    C„    =    6C0     +     H    +  P. 

nytlratcd  pliosphoric  Carbonic  oxide, 

acid. 

This  is  the  simplest  account  that  can  be  given  of  the  preparation  of  phosphorus 
from  bone-ash,  but  it  is  not  strictly  correct,  for  the  sulphuric  acid  does  not  remove 


Fig.  200. — Extraction  of  phosphorus. 

the  whole  of  the  lime  from  the  phosphate,  a  portion  remaining  in  the  solution  con- 
taining the  phosphoric  acid,  so  that  this  solution  is  generally  said  to  contain  super- 
phosphate of  lime,  and  the  action  of  the  sulphuric  acid  is  thus  represented — 

SCaO.POj    +    2(HO.S03)    =    CaO.2HO.POg    -t-  2(CaO.S03). 

Bone  phosphate  Supei  phosphate 

of  lime.  of  lime. 

When  the  superphosphate  of  lime  is  dried,  it  becomes  converted  into  metaphos- 
phate  of  lime  (CaO  .  PO5),  and  on  distilling  this  with  charcoal — 

3(CaO.P05)    +  =    SCaO.POg    +    lOCO    -^    P^  . 

Metaphosphate  Bone  phosphate 

of  lime.  of  Ume. 

Silicic  acid  (sand)  is  sometimes  added  to  combine  with  the  lime,  and  liberate  the 
remainder  of  the  phosphoric  acid,  so  that  it  may  be  decomposed  by  the  charcoal. 

On  the  small  scale,  for  the  sake  of  illustration,  phosphorus  may  be  prepared  by  a 
process  which  has  also  been  successfully  employed  for  its  manufacture  in  quantity, 
and  consists  in  heating  a  mixture  of  bone-ash  and  charcoal  in  a  stream  of  hydro- 
chloric acid  gas — 

SCaO.POj    +    3HC1    -f    Cg    =   3CaCl    +    800    -h    H3    -t-    P  . 

A  mixture  of  equal  weights  of  well-dried  charcoal  and  bone-ash,  both  in  fine 
powder,  is  introduced  into  a  porcelain  tube  sheathed  with  copper,  and  placed  in  a 
charcoal  furnace  (fig.  201).  One  end  of  the  tube  is  connected  with  a  flasic  (A),  con- 
taining fused  salt  and  sulphuric  acid  for  evolving  hydrochloric  acid,  and  the  ot.lier  is 
cemented  with  putty  into  a  bent  retort-neck  (B),  for  conveying  the  phosphorus 
into  a  vessel  of  water  (C).  On  heating  the  porcelain  tube  to  bright  redness,  phos- 
phorus distils  over  in  abundaTice.  TJio  hydrogen  and  carbonic  oxide  inflame  as 
they  escape  into  the  air,  from  their  containing  pliosphorus  vapour. 

When  first  prepared  the  phosphorus  is  red  and  opaque,  from  the  pre- 
sence of  some  siiboxidc  of  phosphorus  and  mechanical  impurities ;  the 
latter  are  removed  by  molting  the  pliospliorus  under  warm  water,  and 
squeezing  it  through  wash  leather.  The  phospliorus  is  then  fused  under 
ammonia  to  remove  any  acid  imjmrity,  and  afterwards  under  bichromate 
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of  potash  acidified  with  snli^liuric  acid,  when  the  chromic  acid  oxidises 
the  suboxide  of  phosphorus,  and  converts  it  into  phosjjhoric  acid  which 
dissolves.     The  phosphorus  is  then  thoroughly  washed,  melted  under 


Even  though  the  phosphorus  be  screened  from  light,  it  will  not  remain 
unchanged  unless  the  water  be  kept  quite  free  from  air,  which  irregularly 
corrodes  the  surface  of  the  phosphorus,  rendering  it  white  and  opaque. 
This  action  is  accelerated  by  exposure  to  light. 

The  most  remarkable  character  of  ordinary  phosphorus  is  its  easy  in- 
flammability. It  inevitably  takes  fire  in  air  when  heated  a  little  above 
its  melting  point  (111°'5  F.),  burning  with  a  brilhant  white  flame,  which 
becomes  insupportable  when  the  combustion  takes  place  in  oxygen  (p.  6), 
and  evolving  dense  white  clouds  of  solid  phosphoric  acid.  AAHien  a  piece 
of  dry  phosphorus  is  exposed  to  the  air,  it  combines  slowly  with  oxygen, 
forming  phosphorous  acid,*  and  its  temperature  often  becomes  so  much 
elevated  during  tliis  slow  combustion,  that  it  melts  and  takes  fire,  espe- 
cially if  the  combination  be  encouraged  by  the  warmth  of  the  hand  or  by 
friction.  Hence,  ordinary  phosphorus  must  never  be  handled  or  cut  in 
the  dry  state,  but  always  under  water,  for  it  causes  most  painful  burns. 

The  slow  oxidation  of  phosphorus  is  attended  with  that  pecidiar  lumi- 
nous appearance  which  is  termed^j/«osj9/ioresce?zce  (<)!)Ss,  light,  ^cpw,  to  hear), 
but  this  glow  is  not  seen  in  pure  oxj'^gen  or  in  air  containing  a  minute 
proportion  of  olefiant  gas  or  oil  of  tm-pentine.  It  will  be  remembered 
that  the  slow  oxidation  of  phosphorus  is  attended  with  the  formation  of 
ozone. 

wliito  fumes  evolved  by  phospliorus  in  moist  air  are  said  to  cousist  partly  of 
nitrite  of  ammonia,  formed  by  tlie  action  of  tlie  ozonised  oxygen  upon  the  aii-  aucl  aqueous 


Avater,  and  drawn  up  into 
glass  tubes,  where  it  soli- 
difies into  the  sticks  in 
which  it  is  sold.  These 
are  always  preserved  im- 
der  water  from  the  action 
of  oxygen,  and  in  tin  cases 
from  that  of  light. 


Fig.  201. 


Pure  ordinary  phospho- 
rus is  almost  colourless 
and  transparent,  but  when 
exposed  to  light,  and  espe- 
cially to  direct  sun-light, 
it  gradually  acquires  an 
opaque  red  colour,  from 
its  partial  conversion  into 
the  allotropic  variety 
knoAvn  as  red  or  amor- 
plious  pliospliorus.  By 
tying  bands  of  black  cloth 
round  a  stick  of  phos- 
phorus and  exposing  it, 
under  water,  to  the  action 
of  sun-light,  alternate 
zones  of  red  may  be  pro- 
duced. 


vapour. 


EXPERIMENTS  WITH  PHOSPHOKUS. 
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Fig.  202. 


The  characteristic  behaviour  of  phosphorus  in  air  is  best  observed  when  the  phos- 
phorus is  in  a  finely-divided  state.  When  a  fragment  of  phosphorus  is  shaken  with 
a  little  bisulphide  of  carbon,  it  is  quickly  dissolved,  and  if  the  solution  be  poured 
upon  a  piece  of  filteriug-paper  (fig.  202),  and  allowed  to  evaporate  in  a  darkened 
room,  the  very  thin  film  of  phosphorus 
which  is  left  will  exhibit  a  glow  increas- 
ing in  brilliancy  till  the  phosphorus  bursts 
out  into  spontaneous  combustion. 

If  phosphorus  be  dissolved  in  olive  oil, 
at  a  gentle  heat,  the  solution  is  strongly 
phosphorescent  when  shaken  in  a  bottle 
containing  air,  or  when  rubbed  upon  the 
hands. 

Characters  may  be  written  on  paper 
with  a  stick  of  phosphorus  held  in  a 
thickly-folded  piece  of  damp  paper  (hav- 
ing a  vessel  of  water  at  hand  into  which  to  plunge  the  phosphorus  if  it  should 
take  fire).  When  the  paper  is  held  with  its  back  to  the  fire,  or  to  a  hot  iron 
m  a  darkened  room,  a  twinkling  combustion  of  the  finely-divided  phosphorus  will 
ensue,  and  the  letters  will  be  burnt  into  the  paper.  Phosphorus,  which  has  been 
partly  oxidised,  is  even  more  easily  inflamed  than  pure  phosphorus.  If  a  few  small 
pieces  of  phosphorus  be  placed  in  a  di-y  stoppered  bottle,  gently  warmed  till  they 
melt,  and  then  shaken  round  the  sides  of  the  bottle  so  as  to  become  partly  converted 
into  red  oxide  of  phosphorus,  it  will  be  found,  long  after  the  bottle  is  cold,  to  be 
spontaneously  inflammable,  so  that  if  a  wooden  match  tipped  with  sulphur  be  rubbed 
against  it,  the  phosphorus  which  it  takes  up  will  ignite  when  the  match  is  brought 
into  the  air,  kindling  the  sulphur,  which  will  inflame  the  wood.  This  was  one  of 
the_  earliest  forms  in  which  phosphorus  was  employed  for  the  purpose  of  procuring 
an  instantaneous  light.  If  the  stopper  be  greased,  the  phosphorus  may  be  preserved 
unchanged  for  a  long  time. 

In  the  last  experiment,  if  the  wood  had  not  been  tipped  with  sulphur,  the  phos 
phorus  would  not  have  kindled  it,  the  flame  of  phosphorus  generally  being  unable 
to  ignite_ solid  combustibles,  because  it  deposits  upon  them  a  coating  of  phosphoric 
acid,  which  protects  them  from  the  action  of  air.  Hence,  in  the  manufacture  of 
lucifer  matches,  the  wood  is  flrst  tipped  with  sulphur,  or  wax,  or  paraffine,  which 
easily  give  off  combustible  vapours  to  be  kindled  by  the  flame  of  the  phosphorus 
composition,  and  thus  to  inflame  the  wood. 

_  If  a  small  stick  of  phosphorus  be  carefully  di-ied  with  filtering  paper,  and  dropped 
into  a  cylinder  of  oxygen,  which  is  afterwards  covered  with  a  glass  plate,  no  luminosity 
will  be  observed  in  a  darkened  room  until  the  cylin- 
der is  placed  under  the  air-pump  receiver,  and  the 
airslowly  exhausted.  When  the  oxygen  hasthus been 
rarefied  to  about  one-fifth  of  its  former  density,  the 
phosphorescence  will  bo  seen.  A  similar  effect  may 
be  produced  by  covering  the  cylinder  of  oxygen  con- 
taining the  phosphorus  (having  removed  the  glass 
plate)  with  another  cylinder,  about  four  times  its 
size  (fig.  203),  filled  with  carbonic  acid,  which  will 
gradually  dilute  the  oxygen  and  produce  phosphor- 
escence. By  suspending— in  a  bottle  of  air  contain- 
ing a  strongly  luminous  piece  of  phosphorus — a  piece 
of  paper  with  a  drop  of  oil  of  turpentine  upon  it,  the 
glow  may  bo  almost  instantaneously  destroyed.  A 
small  tube  of  oleflant  gas  or  coal-gas  dropped  into 
the  bottle  will  also  extinguish  the  luminosity. 

Ordinary  phosphorus  is  slowly  converted  into  vapour  at  the  ordinary 
temperature,  and  omits  in  the  air  white  fumes  with  a  peculiar  alliaceous 
smell,  which  appear  phosphorescent  in  the  dark.  When  heated  out  of 
contact  with  air,  it  boils  at  550°  F.,  and  is  converted  into  a  colourless 
vapour. 

The  luminosity  of  phosphorus  vapour  is  seen  to  advantage  when  a  piece  of  n1m« 
phorus  ia  boiled  with  water  in  a  narrow-nocked  flask,  or  a  test-tube  witli  a  cork  and 
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narrow  tube.  The  steam  charged  with  vapour  of  phosphorus  has  all  the  appearance 
of  a  blue  flame  in  a  darkened  room,  but  of  coui-se  combu«tib  es  are  not  inflamed  by 
it.  since  its  temperature  is  not  higher  than  212°  F.  Phosphorus  may  be  distilled 
with  perfect  safety  in  an  atmosphere  of  carbonic  acid,  the  neck  of  the  retort  being 
allowed  to  dip  under  water  in  the  receiver. 

Althougli  ordinary  phosphorus  is  of  a  decidedly  glassy  or  vitreous  struc- 
ture and°iiot  at  all  crystalline,  it  may  be  obtained  in  dodecahedral 
crystals,  by  allowing  its  solution  in  bisulphide  of  carbon  to  evaporate  in 
an  atmosphere  of  carbonic  acid. 

The  conversion  of  ordinary  phosphorus  into  the  red  or  amorphous  phos- 
pJiorus  is  one  of  the  most  striking  instances  of  allotropic  modification. 
When  phosphorus  is  heated  for  a  considerable  length  of  time  to  about 
450°  r.  in  vacuo,  or  in  an  atmosphere  in  which  it  cannot  burn,  it  becomes 
converted  into  a  red  infusible  mass  of  amorphous  phosphorus.  This  form 
of  phosphorus  differs  as  widely  from  the  vitreous  form  as  graphite  differs 
from  diamond.  It  is  almost  unchangeable  in  the  air,  evolves  no  vapour, 
is  not  luminous,  cannot  be  inflamed  by  friction,  or  even  by  any  heat  short 
of  500°  F.,  Avhen  it  actually  becomes  reconverted  into  ordinary  phosphorus.* 
Amorphous  phosphorus  is  insoluble  in  the  solvents  for  ordinary  phosphorus. 
The  two  varieties  also  differ  greatly  in  specific  gravity,  that  of  the  ordinary 
phosphorus  being  1-83,  and  of  the  amorphous  variety  2-14. 

The  conversion  of  vitreous  into  amorphous  phosphorus  may  be  efi'ected  by  heating 
it  in  a  flask  (A,  fig.  204)  placed  in  an  oil-bath  (B),  maintained  at  a  temperature 
ranging  from  450°  to  460°  F.,  the  flask  being  furnished  with  a  bent  tube  (C)  dipping 

into  mercury,  and  with  another  tube 

(D)  for  supplying  carbonic  acid  gas, 
dried  by  passing  over  chloride  of  cal- 
cium. The  flask  should  be  thoroughly 
filled  with  carbonic  acid  before  apply- 
ing heat,  and  the  tube  delivering  it. 
may  then  be  closed  with  a  small  clamp 

(E)  .  After  exposure  to  heat  for  about 
forty  hours,  but  little  ordinary  phos- 
phorus will  remain,  and  this  may  be 
removed  by  allowing  the  mass  to 
remain  in  contact  with  bisulphide  of 
carbon  for  some  hours,  and  subse- 
quently washing  it  with  fresh  bisul- 
phide of  carbon  till  the  latter  leaves 
no  phosphorus  when  evaporated. 

On  tlie  large  scale,  the  red  phos- 
phorus is  prepared  by  heating  about 
200  lbs.  of  vitreous  phosphorus  to 
450°  F.  in  an  iron  boiler.  After  three  or  four  weeks  the  phosphorus  is  found  to  be 
converted  into  a  hard  red  brittle  mass,  which  is  ground  by  mill-stones  under  water, 
and  separated  from  the  ordinary  phosphorus  either  by  bisulphide  of  carbon  or  caustic 
soda,  in  which  the  latter  is  soluble.  The  temperature  requires  careful  regula- 
tion,'for  if  it  be  allowed  to  rise  to  500°,  the  red  phosphorus  quickly  resumes  the 
vitreous  condition,  evolving  the  heat  which  it  had  absorbed  during  its  conversion, 
and  thus  converting  much  of  the  phosphorus  into  vapour.  This  reconversion  may 
be  shown  by  heating  a  little  red  phosphorus  in  a  narrow  test-tube,  when  drops  of 
vitreous  phosphorus  condense  on  the  cool  part  of  the  tube.  The  colour  of  diflferent 
specimens  of  amorphous  phosphorus  varies  considerably;  that  prepared  on  the 
large  scale  is  usually  of  a  dark  purplish  colour,  but  it  may  be  obtained  of  a  bright 
scarlet  colour.  Ehombohedral  crystals  of  phosphorus,  resembling  crystals  of  arsenic 
in  form  and  metallic  appearance,  liave  been  obtained  by  fusing  phosphorus  with 
lead,  and  dissolving  out  the  latter  with  diluted  nitric  acid  (sp.  gr.  1-1). 

*  Accordmg  to  Hittorf,  the  reconversion  does  not  take  place  till  800°  F.,  the  i-ed  phos- 
phorus being  convertible  into  vapour  below  that  temperature,  without  fusion. 


Fig.  204. 
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Ordinary  phosphorus  is  very  poisonous,  whilst  amorphous  phosphorus 
appears  to  be  harmless.  The  former  is  employed,  mixed  with  fatty  sub- 
stances, for  poisoning  rats  and  beetles.  Cases  are,  unhappHy,  not  very 
rare  of  children  being  poisoned  by  sucking  the  phosphorus  composition 
on  lucifer  matches.  The  vapom-  of  phosphorus  also  produces  a  very 
mjm-ious  effect  upon  the  persons  engaged  in  the  manufacture  of  lucifer 
matches,  resulting  m  the  decay  of  the  lower  jaw-bone.  This  evU  is  much 
mitigated  hj  good  ventilation,  or  by  diffusing  turpentine  vapour  through 
the  air  of  the  work-room,  and  attempts  have  been  made  to  obviate  it 
entnely  by  substituting  amorphous  phosphorus  for  the  ordinary  variety 
but,  as  might  be  expected,  the  matches  thus  made  are  not  so  sensitive  to 
iriction  as  those  m  which  the  vitreous  phosphorus  is  used. 

The  difference  between  the  two  varieties  of  phosphorus,  in  respect  to 
chemical  energy,  is  seen  when  they  are  placed  in  contact  with  a  little 
lodme  on  a  plate,  when  the  ordinary  phosphorus  undergoes  combustion, 
and  the  red  phosphorus  remains  imaltered. 

Black  phospliorus  has  been  obtained  by  heating  vitreous  phosphorus  to 
a  little  above  its  meltmg  point  and  suddenly  cooling  it.  It  is  reconverted 
by  liision  and  slow  cooling.  Viscous  pliospliorus  results  from  the  sudden 
coolmg  of  phosphorus  heated  nearly  to  its  boiling  point. 

Ordinary  phosphorus  is  capable  of  direct  union  with  oxygen,  chlorine 
bromine,  lodme,  sulphur,  and  most  of  the  metals,  with  which  it  forms 
phosphides  or  p)hosp)hurets.  Even  gold  and  platinum  unite  with  this 
element  when  heated,  so  that  crucibles  of  these  metals  are  liable  to  cor- 
rosion when  heated  in  contact  with  a  phosphate  in  the  presence  of  a 
reducing  agent,  such  as  carbon.  Thus  the  inside  of  a  platinum  dish  or 
crucible  IS  roughened  when  vegetable  or  animal  substances  containing 
phosphates  are  incinerated  in  it.  The  presence  even  of  smaH  quantities 
.ot  phosphorus  m  metallic  iron  or  copper  produces  considerable  effect  upon 
theu-  physical  qualities. 

Phosphorus  has  the  property,  a  very  remarkable  one  in  a  non-metal,  of 
precipitating  some  metals  from  their  solutions  in  the  metallic  state.  If  a 
stick  of  phosphorus  be  placed  in  a  solution  of  sulphate  of  copper,  it 
becomes  coated  with  metallic  copper,  the  phosphorus  appropriating  the 
oxygen.  This  has  been  turned  to  advantage  in  copying  very  delicate 
objects  by  the  electrotype  process,  for  by  exposing  them  to  the  action  of  a 
solution  of  phosphorus  in  ether  or  bisulphide  of  carbon,  and  afterwards  to 
that  of  a  solution  of  copper,  they  acquire  the  requisite  conducting  metallic 
nhn,  even  on  their  finest  filaments.  Solutions  of  silver  and  gold  aie 
reduced  in  a  similar  manner  by  phosphorus. 

(->if^M°'^f°^  ^^'^  minute  scales  of  ordinary  phospliorus  upon  a  dilute  solution  of 
h-  ^  '"^''^^  ^^^^       reduced  in  the  form  of  an  extremely  thin  iilm, 

wmch  may  be  raised  upon  a  glass  plate,  and  will  be  found  to  have  various  shades 
^een  and  violet  by  transmitted  light,  dependent  upon  its  thickness,  whilst  its 
tnickest  part  exhibits  the  ordinary  colour  of  the  metal  to  reflected  light.  By  heat- 
ing the  films  on  the  plate,  various  shades  of  ametliyst  and  ruby  are  developed.  If 
a  very  dilute  solution  of  chloride  of  gold  in  distilled  water  bo  placed  in  a  perfectly  clean 
int    /        ^  '°  ""'I'ich  phospliorus  has  been  dissolved,  poured 

mto  It,  a  beautiful  ruby-colourcd  liquid  is  obtained,  the  colour  of  which  is  due  to 
metaUic  gold  in  an  extremely  finely  divided  state,  and  on  allowing  it  to  stand  for 
some  months,  the  metal  subsides  as  a  purplo  powder,  leaving  the  liquid  colourless 
r  any  salme  impurity  be  present  in  the  gold  solution,  the  colour  of  the  reduced 
will  be  amethyst  or  blue.  These  experiments  (Faraday)  illustrate  very  striking Iv 
lorceTaln     ^"'^       '"^'^""^         '"'^  ''''''  ''  ^lass  and  tho^aze^S 
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162.  Lmifer  matches  are  made  by  tipping  the  wood  witli  sulphur  or 
wax  or  paraflfine  to  convey  the  flame,  and  afterwards  with  the  match  com- 
position, wliich  is  generally  composed  of  saltpetre  or  chlorate  of  potash, 
phosphorus,  red  lead,  and  glue,  and  depends  for  its  action  on  tlie  easy 
inflammation,  by  friction,  of  phosphorus  when  mixed  with  oxidising  agents 
Hke  saltpetre  (KO .  NO^),  chlorate  of  potash  (KO .  CIO.),  or  red  lead 
(PbgOJ,  the  glue  only  serving  to  bind  the  composition  together  and 
attach^i'fc  to  the  wood.  The  composition  used  by  different  makers  varies 
much  in  the  nature  and  proportions  of  the  ingi-edients.  In  this  countrj^, 
chlorate  of  potash  is  most  commonly  employed  as  the  oxidising  agent, 
such  matches  usually  kindling  with  a  slight  detonation ;  but  the  German 
manufacturers  prefer  either  nitrate  of  potash  or  nitrate  of  lead,  together 
with  binoxide  of  lead  or  with  red  lead,  which  produce  sile7it  matches. 

Sulphide  of  antimony  (which  is  inflamed  by  friction  with  chlorate  of 
potash,  see  p.  157)  is  also  used  in  those  compositions  in  which  a  part  of 
the  phosphorus  is  employed  in  the  amorphous  form,  and  fine  sand  or 
powdered  glass  is  very  commonly  added  to  increase  the  susceptibilitj^ 
of  the  mixture  to  inflammation  by  friction. 

The  match  composition  is  coloured  either  with  ultramarine  blue,  Prus- 
sian blue,  or  vermilion.  In  preparing  the  composition,  the  glue  and  the 
nitre  or  clilorate  of  potash  are  dissolved  in  hot  water,  the  phosphorus  then 
added  and  carefully  stirred  in  until  intimately  mixed,  the  whole  being 
kept  at  a  temperature  of  about  90°  F.  The  fine  sand  and  colouring 
matter  are  then  added,  and  when  the  mixture  is  complete,  it  is  spread  out 
upon  a  stone  slab  heated  by  steam,  and  the  sulphured  ends  of  the  matches 
are  dipped  into  it. 

The  safety  matches,  which  refuse  to  ignite  unless  rubbed  upon  the  bot- 
tom of  the  box,  are  tipped  Avith  a  mixture  of  sulphide  of  antimony, 
chlorate  of  potash,  and  powdered  glass,  which  is  not  sufficiently  sensitive 
to  be  ignited  by  any  ordinary  friction,  but  inflames  at  once  when  rubbed 
upon  the  amorphous  phosphorus  mixed  Avith  glass  which  coats  the  rubber 
beneath  the  box.  On  tliis  principle  some  French  matches  have  been  made 
which  can  be  ignited  only  by  breaking  the  match  and  rubbing  the  two 
ends  together. 

It  would  be  very  desirable  to  ■  dispense  entirely  with  the  use  of  phos- 
phorus in  lucifer  matches,  not  only  because  of  the  danger  from  accident 
and  disease  in  the  manufacture,  but  because  a  very  large  quantity  of 
phosphate  of  lime  which  ought  to  be  employed  for  agricultural  purposes 
is  now  devoted  to  the  preparation  of  phosphorus,  of  which  six  tons  are 
said  to  be  consumed  annually  in  this  country  for  the  manufacture  of 
matches.  The  most  successfid.  attempt  in  this  direction  appears  to  be  the 
employment  of  a  mixture  of  chlorate  of  potash  and  hyposulphite  of  lead, 
in  place  of  the  ordinary  phosphorus  composition. 

For  illustration,  very  excellent  matches  may  be  made  upon  the  small  scale  in  tbe 
following  manner.  The  slips  of  wood  are  dipped  in  melted  sulplnir  so  as  to  acquire 
a  slight  coating.  30  grains  of  gelatine  or  isinglass  are  dissolved  in  2  drachms  oi 
water  in  a  porcelain  dish  placed  upon  a  steam-bath ;  20  grains  of  ordinary  phos- 
phorus are  then  added,  and  well  mixed  in  with  a  piece  of  stick  ;  to  this  mixture  are 
added,  in  succession,  15  grains  of  red  lead  and  50  grains  of  powdered  chlorate  d 
potash.    The  sulphured  matches  are  dipped  into  this  paste,  and  left  to  dry  in  tbe  wr. 

To  make  the  safety  matches  :  10  grains  of  powdered  chlorate  of  potash  and  iv 
grains  of  sulphide  of  antimony  are  made  into  a  paste  with  a  few  di-ops  of  a  wajm 
solution  of  20  grains  gelatine  in  2  drachms  water,  the  sulphured  matches  bemg 
tipped  with  tliis  composition.    Tlie  rubber  is  prepared  with  20  grains  of  amorplious 
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phosphorus,  and  10  grains  of  finely-powtlfred  glass,  mixed  with  tho  solution  of 
gelatine,  and  painted  on  paper  or  card-board  witli  a  brush. 

163.  Phosphonis-fuze  composit'io7i. — To  ignite  the  Armstrong  percus- 
sion sliells,  a  very  sensitive  detonating  composition  is  employed,  whicli  is 
composed  of  amorphous  phosphorus,  chlorate  of  potash,  shellac,  and  pow- 
dered glass  made  into  a  paste  Avith  spirit  of  wine.  This  is  placed  in  the 
little  cap  designed  for  it,  and  when  dry  is  waterproofed  with  a  little 
shellac  dissolved  in  spirit. 

Such  a  composition  may  be  prepared  with  care  in  the  following  manner: — 4  grains 
of  powdered  chlorate  of  potash  are  moistened  on  a  plate  with  6  drops  of  spirit  of 
wine,  4  grains  of  powdered  amorphous  phosphorus  are  added,  and  the  whole  mixed 
at  arm's-length  with  a  bone  knife,  avoiding  great  pressure.  The  mixture,  which 
should  still  be  quite  moist,  is  spread  in  small  portions  upon  ten  or  twelve  pieces 
of  filtering  paper,  and  left  in  a  safe  place  to  dry.  If  one  of  these  be  gently 
pressed  with  a  stick,  it  explodes  with  great  violence.  It  is  dangerous  to  press  it 
with  the  blade  of  a  knife,  as  the  latter  is  commonly  broken,  and  the  pieces  pro- 
jected with  considerable  force.  A  stick  dipped  in  oil  of  vitriol  of  course  explodes 
it  immediately.  If  a  bullet  be  placed  very  lightly  upon  one  of  the  pellets,  and 
the  paper  tenderly  wrapped  round  it,  a  percussion  shell  may  be  extemporised,  which 
explodes  with  a  loud  report  when  dropped  upon  the  floor. 

Oxides  op  Phosphorus. 

164.  There  are  only  two  compounds  of  phosphorus  with  oxygen  which 
have  been  obtained  and  satisfactorily  examined  in  the  separate  state,  viz., 
pliosphorous  acid  (PO3),  and  pliosplioric  acid  (PO^).  The  suh-oxide  of 
phosphorus  (PgO)  is  said  to  have  been  obtained,  but  very  little  is  Icnown 
of  it,  and  hypophosphovous  acid  (PO)  has  only  been  obtained  in  combina- 
tion with  water. 


Oxides  of  Phosphorus. 


By  Weight. 

Name. 

Equivak'nt  Foimula. 

Phosphorus. 

Oxygen. 

62 

8 

PO 

31 

8 

PO, 

31 

24 

Phosphoric  acid  

70, 

31 

40 

Phosphoric  Acid. 

165,  Phosphoric  acid  is  by  far  the  most  important  of  the  compounds 
of  phosphorus.  It  has  been  already  noticed  as  almost  the  only  form  of 
combination  in  which  that  element  is  met  with  in  nature,  and  as  an  indis- 
pensable ingredient  in  the  food  of  plants  and  animals.  No  other  mineral 
substance  can  bear  comparison  with  it  as  a  measui'e  of  the  capability  of  a 
country  to  support  animal  life.  The  acid  itself  is  very  useful  in  calico- 
printing  and  some  other  arts. 

The  mineral  sources  of  this  acid  appear  to  be  phosphori.to,  coprolite,  and 
iipatite,  all  consisting  essentially  of  phosphate  of  lime  (3CaO .  PO5),  but 
associated  in  each  case  with  fluoride  of  calcium,  wliich  is  also  contained, 
with  phosphate  of  lime,  in  bones,  and  would  appear  to  indicate  an  organic 
origin  for  these  minerals.    Phosphorite  is  an  Carthy-Iooking  substance. 
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forming  large  deposits  in  Estreraadura.  Apatite  (from  dTramoj,  to  cheat, 
in  allusion  to  mistakes  in  its  early  analysis)  occurs  in  prismatic  crystals, 
and  is  met  witli  in  the  Cornish  tin-veins.  Both  these  minerals  are 
largely  imported  from  Spain,  Norway,  and  America,  for  use  in  this 
country  as  a  manure. 

CoproKtes  (KOTrpos,  clung,  XCOo-;,  a  stone,  from  the  idea  that  they  were 
petriiied  dung)  are  rounded  nodules  of  phosphate  of  lime,  which  are 
found  abundantly  in  this  country. 

Large  quantities  of  phosphoric  acid,  combined  with  lime  and  magnesia, 
are  imported  in  the  form  of  guano,  the  partially  decomposed  excrement  of 
sea-fowl,  which  sometimes  contains  one-fourth  of  its  weight  of  phosphoric 
acid. 

Bones,  however,  must  be,  regarded  as  the  chief  immediate  source  whence 
the  phosphate  of  lime  for  agricultural  purposes  is  derived. 

Hydrated  phosphoric  acid  is  obtained  from  bone-ash  by  decomposing  it 
with  sulphuric  acid,  so  as  to  remove  as  much  of  the  lime  as  possible  in 
the  form  of  sulphate,  which  is  strained  olf,  and  the  acid  hquid  neutralised 
with  carbonate  of  ammonia,  which  precipitates  any  unchanged  phosphate 
of  lime,  and  converts  the  phosphoric  acid  into  phosphate  of  ammonia, 
consisting  of  phosphoric  acid,  water,  and  ammonia.  On  evaporating  the 
solution,  and  heating  the  phosphate  of  ammonia,  the  ammonia  is  expelled, 
and  hydrated  phosphoric'  acid  (HO  .  PO,)  is  left  in  a  fused  state,  solidifying 
to  a  glass  on  cooling.  Thus  prepared,  however,  it  always  retains  some 
ammonia,  and  is  contaminated  with  soda  derived  from  the  bones. 

The  pure  hydrated  acid  is  prepared  by  oxidising  phosphorus  with 
diluted  nitric  acid  (sp,  gr.  1-2),  and  evaporating  the  solution  in  a  platinum 
dish,  untn  the  hydrated  phosphoric  acid  begins  to  volatilise  in  white 
fumes — 

5(H0 .  NO,)    +    P3    =    3(H0 .  POJ    +    2H0    +    SNO^  . 


Fig.  205. 


Some  phosphorous  acid  is  formed  at  an  intermediate  stage.  A  transparent 
glass  {glacial  j^hosjihoric  acid)  is  thus  obtained,  which  x;agerly  absorbs 
moisture  from  the  air,  and  becomes  liquid. 
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Fig.  206. 


Tlie  water  cannot  be  separated  fi'om  the  hydrated  phosphoric  acid  by 
the  action  of  heat,  so  that  the  anhydrous  phosphoric  acid  must  be  pre- 
pared by  biu'ning  phosphorus  in  dry  air. 

When  required  in  considerable  quantity,  the  anhydrous  phosphoric  acid  (pAo-s- 
phoric  anhydride)  is  prepared  by  burning  the  phosphorus  in  a  small  porcelain  dish 
(A,  fig.  205)  attached  to  a  wide  glass  tube  (B)  for  introducing  the  phosphorus,  and 
suspended  in  a  glass  flask  with  two  lateral  necks,  one  of  which  is  connected  with  a 
tube  containing  pumice-stone  and  oil  of  vitriol  for  drying  the  air  as  it  enters,  whilst 
the  other  neck  is  provided  with  a  wide  tube  conveying  the  anhydrous  phosphoric 
acid  into  a  bottle  connected,  at  C,  with  an  aspirator,  or  cistern  of  water,  for  drawing 
air  through  the  apparatus.  The  first  piece  of  phosphorus  is  kindled  by  passing  a 
hot  wire  down  the  wide  tube,  but  afterwards  the  heat  of  the  dish  will  always  ignite 
the  fresh  piece  as  it  is  dropped  in.  The  wide  tube  must  be  closed  with  a  cork  whilst 
the  phosphorus  is  burning. 

A  small  quantity  of  anhydrous  phos- 
phoric acid  is  more  conveniently  prepared 
by  burning  phosphorus  under  a  large  bell- 
jar  of  air,  under  which  a  shallow  dish  of 
oil  of  vitriol  has  been  standing  for  an  hour 
or  two  to  dry  the  air.  This  dish  is  care- 
fully removed  without  disturbing  the  air 
within  the  jar,  and  the  well-dried  phos- 
phorus is  introduced  in  a  small  porcelain 
crucible  standing  upon  a  large  glass  plate. 
The  phosphorus  having  been  kindled  with 
a  hot  wire,  the  flakes  of  phosphoric  acid 
will  be  seen  falling  like  snow  on  to  the  glass 
plate,  where  they  accumulate  in  a  layer  of 
considerable  thickness.  To  preserve  it, 
the  phosphoric  acid  must  be  immediately  scraped  up  with  a  bone  or  platinum  knife 
and  thrown  into  a  thoroughly  dry  stoppered  bottle. 

Anhydrous  phosphoric  acid  may  be  fused  at  a  very  high  temperature, 
and  even  subhmed.  Its  great  feature  is  its  attraction  for  water ;  left 
exposed  to  the  air  for  a  very  short  time,  it  deliquesces  entirely,  becoming 
converted  into  hydrated  phosphoric  acid.  It  is  often  used  by  chemists  as 
a  dehydrating  agent,  and  will  even  remove  the  water  from  oil  of  vitriol. 
When  thrown  into  water,  it  hisses  like  a  red-hot  iron,  but  does  not  entirely 
dissolve  at  once,  a  few  flakes  of  hydrated  phosphoric  acid  remaining 
suspended  in  the  liquid  for  some  time.  Phosphoric  acid,  like  sulphuric 
acid,  forms  three  definite  combinations  with  water,  but  in  the  case  of 
phosphoric  acid,  each  of  these  three  hydrates  is  a  different  acid,  capable 
of  producing  different  salts,  whereas  the  sulphuric  acid  generates  the  same 
salts  in  whatever  degree  of  hydration  it  is  employed. 

The  solution  obtained  by  dissolving  anhydrous  phosphoric  acid  in 
water  contains  monohydrafed  phosphoric  acid  or  inetaphusjjhorie  acid 
(HO .  PO,.).  If  a  little  nitrate  of  silver  be  added  to  a  portion  of  it,  a 
transparent  gelatinous  precipitate  is  formed,  wluch  is  the  metaphosphate 
of  silver  (AgO.NOs  +  HO  .  PO^  =  HO  .  NO,  +  AgO.PO,). 

If  the  solution  of  metaphosphoric  acid  be  licated  in  a  flask  for  a  short 
time,  it  will  lose  the  property  of  yielding  a  precipitate  with  nitrate  of 
silver,  unless  one  or  two  drops  of  ammonia  bo  added  to  neutralise  it,  when 
an  opaque  white  precipitate  of  pyrophosphate  of  silver  (2AgO .  PO^)  is 
obtained,  for  the  phosphoric  acid  has  now  been  converted  into  the 
diJiydrated  or  iwophohphoric  acid  {2H0.P0j).  The  formation  of  the 
precipitate  is  thus  expressed — 

2H0 .  PO,-,  +  2(AgO  .  NO^)  -f  2Nir,,     2Ag0  .  PO,  +  2(NII, .  HO  .  NO,) . 


232 


PYJiOPHOSPIIORIC  AND  OKTIIO-PHOSPHORIC  ACIDS. 


When  the  sokition  of  pyxophosphoric  acid  is  mixed  with  more  water 
and  boiled  for  a  long  time,  it  gives,  Avhen  tested  with  nitrate  of  silver 
and  a  Little  ammonia,  a  yeUow  precipitate  of  triphosphate  of  silver 
(3AgO .  PO5) ;  the  phosphoric  acid  having  become  converted  into  tri- 
hydrated  phosphoric  acid  (3H0  .  PO^),  and  acting  upon  the  nitrate  of  silver 
in  the  presence  of  ammonia,  thus —  • 

3H0 .  PO3  +  3(AgO  .  NOg)  +  3ITH  =  3AgO  .  PO,  +  3(NH3  .  HO  .  ISO,) . 

The  pyroplw^lioriG  add  (2H0  .  PO5)  cannot  be  obtained  by  the  above 
process  without  an  admixture  of  one  of  the  other  hydrates,  but  it  has 
been  obtained  in  crystals  by  decomposirig  the  pyrophosphate  of  lead 
(2PbO .  POg)  with  hydrosulphuric  acid,  and  evaporating  the  filtered 
solution  in  vacuo  over  oil  of  vitriol. 

Triliydi'ated  phosphoric  acid  may  also  be  obtained  in  prismatic  crystals, 
by  evaporating  its  solution  in  a  similar  way.  This  acid  is  also  called 
ortho-phosplioric  acid  {6p66s,  true),  and  co??zmo«  phosphoric  acid,  in  allusion 
to  the  circumstance  that  the  phosphates  commonly  met  with  and  employed 
in  the  arts  are  the  salts  of  thjs  acid. 

For  it  will  be  perceived  that  each  of  these  acids  is  able  to  combine  with 
a  quantity  of  base  equivalent  to  the  water  present  in  the  hydi'ate.  Thus 
the  metaphosphoric  acid  (HO .  POJ  is  monobasic,  or  forms  salts  with  one 
equivalent  of  a  base  having  the  general  formula  MO,  as  in  metaphosphate 
of  soda,  NaO .  PO5 .  Pyrophosphoric  acid  (2H0  .  TO.)  is  dibasic  (or 
hibasic),  forndng  salts  with  two  equivalents  of  a  basic  protoxide,  as  in 
pyrophosphate  of  soda,  SNaO .  POg .  Common  phosphoric  acid  (3H0 .  PO^) 
is  tribasic,  forming  salts  with  three  equivalents  of  a  basic  protoxide,  as  in 
triphosphate  (or  subphosphate)  of  soda,  ?>E&0 .  PO5 . 

In  the  cases  of  pyrophosphoric  and  common  phosphoric  acids,  it  is  not 
necessary  that  the  two  or  three  equivalents  of  water  should  be  displaced  by 
the  same  base,  for  it  is  found  that  salts  of  these  acids  may  be  formed  which 
contain  two  bases,  and  some  in  which  part  of  the  water  does  duty  as  a  base. 
Examples  of  this  kind  are,  the  common  phosphate  of  soda,  2ISraO .  HO .  PO5, 
which  is  derived  from  the  tribasic  acid,  3H0 .  PO5,  by  the  displacement 
of  two  equivalents  of  water  by  soda ;  microcosmic  salt,  or  phosphate  of 
soda  and  ammonia,  NaO .  NH^O .  HO .  PO5,  where  tAvo  equivalents  of 
the  water  in  the  tribasic  acid  are  displaced  respectively  by  soda  and  by 
the  imaginary  oxide  of  ammonium  (NH^O).  A 
pyrophosphate  of  soda  having  the  composition 
NaO .  HO  .  POg  may  be  prepared,  and  is  obviously 
derived  from  the  dibasic  acid,  2H0 .  PO5,  by 
the  displacement  of  one  equivalent  of  water  by 
soda. 

It  is  evident  that  when  water  or  ammonia  enters 
into  the  composition  of  the  salt,  the  action  of  heat 
may  convert  a  tribasic  pliosphate  into  a  pyrophos- 
phate,  or  even  into  a  metaphosphate. 

Thus,  if  a  crystal  of  the  common  rhombic  phosphate 
of  soda  (2NaO.HO.P05  +  24Aq.)  be  heated  gently  in  a 
Fig.  207.  crucible  (fig.  207),  it  melts  in  its  water  of  crystallisation, 

and  gradually  dries  up  to  a  white  mass,  the  composition  of 
which,  if  not  heated  beyond  300°  F.,  will  bo  2NaO  .  HO .  POg.  If  a  little  of  this 
white  mass  be  dissolved  in  water,  the  solution  will  be  alkaline  to  red  litmus  paper; 
and  if  nitrate  of  silver  (itself  neutral  to  test-papers)  be  added  to  it,  a  ijcUm 
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precipitate  of  triphosphate  of  silver  will  be  obtained,  and  the  solution  will  become 
strongly  acid— 

.  2NaO.HO.PO3  +  3(AgO.N05)  =  SAgO.POj  +  2(NaO.N05)  +  HO.NO5, 

If  the  dried  phosphate  of  soda  be  now  strongly  heated  over  a  lamp,  it  will  lose  its 
basic  water,  and  become  pyrojihosphate  of  soda  (iri/j,  fire).  On  dissolving  this  in 
water,  the  solution  will  be  alkaline,  and  will  give  with  nitrate  of  silver  a  white  preci- 
pitate and  a  neutral  solution — 

2NaO  .  PO5  +  2(AgO  .  NO^)  =  2AgO  .  PO5  +  2(NaO  .  NO5)  . 

Microcosmic  salt  (NaO  .  NH^O  .  HO  .  POg  +  8Aq),  when  dissolved  in  water,  yields 
an  alkaline  solution  which  gives  a  yellow  precipitate  with  nitrate  of  silver,  the  liquid 
becoming  acid — 

NaO.NH.O.HO.POj+SCAgO.NOj)  =  3AgO.POg  +  NaO.NO^  +  NH^O.NOg  +  HO.NO5 

But  if  the  salt  be  heated  in  a  crucible,  it  fuses,  evolving  water  and  ammonia,  and 
leaving  a  transparent  glass  of  metaphosphate  of  soda  (NaO  .  PO5),  which  may  be  dis- 
solved by  soaking  in  water,  yielding  a  slightly  acid  solution,  which  gives  a  white 
gelatinous  precipitate  with  nitrate  of  silver,  the  liquid  being  neutral — 

NaO  .  PO5  +  AgO  .  NO5  =  AgO  .  POg  +  NaO  .  NOg  . 

The  crystallised  metaphosphate  of  soda  retains  1  eq.  of  water  when  dried  at 
212°  F.,  becoming  NaO  .  POg  +  HO.  On  heating  this  to  300°  F.,  the  salt  is  con- 
verted into  the  acid  pyrophosphate  of  soda,  NaO .  HO .  POg,  the  water  having 
assumed  a  basic  character  in  the  salt. 

All  the  phosphates  may  be  converted  into  tribasic  phosphates,  by  fusing  them 
with  an  alkaline  hydrate  or  carbonate.® 

Composition  of  pliosplioric  acid. — When  anliydi'ous  phosplioric  acid  is 
dissolved  in  water,  forming  metaphosphoric  acid,  a  quantity  of  tlie  solu- 
tion containing  71  parts  by  weight  of  the  anhydrous  acid  is  required  to 
neutralise  1  eq.  (31  parts)  of  soda  (NaO),  forming  metaphosphate  of  soda. 
71  parts  of  phosphoric  acid  haye  been  found  to  be  produced  by  burning 
31  parts  of  pure  phosphorus  in  dry  air ;  hence  (71  minus  31)  40  parts  of 
oxygen  or  5  eqs.  are  combined  with  31  parts  of  phosphorus  to  form  71 
parts  (1  eq.)  of  phosphoric  acid. 

166.  Phosphorous  acid  (PO3)  is  the  product  of  the  slow  combustion  of  phosphorus. 
If  a  piece  of  phosphorus  be  heated  in  a  long  glass  tube,  into  which  a  very  slow  cur- 
rent of  dry  air  is  drawn  through  a  very  narrow  tube,  it  burns  with  a  pale  blue  flame, 
and  white  flakes  of  anhydrous  phosphorous  acid  are  deposited.  Phosphorous  acid 
is  more  easily  converted  into  vapour  than  phosphoric  acid.  It  eagerly  absorbs  mois- 
ture from  the  air,  and  is  decomposed  when  strongly  heated  in  a  sealed  tube,  yielding 
free  phosphorus  and  phosphoric  acid  ;  5PO3  =  3P0g  +  Pj- 

Ilydrated  phosphorous  acid  is  obtained  in  solution,  mixed  with  phosphoric  acid, 
when  sticks  of  phosphorus  arranged  in  separate  tubes,  open  at  both  ends,  and 
placed  in  a  funnel  over  a  bottle,  are  exposed  under  a  bell-jar,  open  at  the  top,  to  air 
saturated  with  aqueous  vapour.  To  obtain  the  pure  acid,  chlorine  is  very  slowly 
passed  through  phosphorus  fused  under  water,  when  the  terchloride  of  phosphorus 
first  formed  is  decomposed  by  the  water  into  phosphorous  and  hydrochloric  acids ; 
PCI3  -(-  6H0  =  3H0 .  PO3  +  3HC1.  The  hydrochloric  acid  is  expelled  by  a  mode- 
rate heat,  when  the  hydrated  phosphorous  acid  is  deposited  in  prismatic  crystals. 
The  water  cannot  be  separated  from  phosphorous  acid  by  heat ;  when  the  hydrate 
is  heated,  it  is  decomposed  into  hydrated  phosphoric  acid  and  gaseous  phosphuretted 
hydrogen  ;  4(3H0  .  PO3)  =  3(8n0  .  POg)  +  PHv 

Solution  of  phosphorous  acid  gradually  absorbs  oxygon  from  the  air,  becoming 
phosphoric  acid.  This  tendency  to  absorb  oxygon  causes  it  to  act  as  a  reducing 
agent  upon  many  solutions  ;  thus  it  precipitates  finely-divided  metallic  silver  from 

*  It  litis  been  reniarked  that  tlio  iiliancy  ol'  the  acid  character  of  phosphoric  acid  jiarti- 
c\ihirly  fits  it  to  take  part  in  the  vital  phonomona.  It  may  be  regarded  as  three  acids 
in  one. 
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a  solution  of  the  nitrate,  by  whicli  its  presence  may  be  recognised  in  the  water  in 
which  ordinary  phosphorus  has  been  kept.  The  solution  of  phosphorous  acid  even 
reduces  sulphurous  acid,  producing  sulphuretted  hydrogen  and  sulphur,  the  latter 
being  formed  by  the  action  of  the  sulphuretted  hydrogen  upon  the  sulphurous  acid ; 
2SO2  +  2H0  +  3(3HO .  PO3)  =  2HS  +  3(3HO  .  PO5). 

Phosphorous  acid  was  formerly  supposed  to  be  a  tribasic  acid  like  common  phos- 
phoric acid,  but  it  has  not  been  fouud  possible  to  combine  it  with  more  than  two 
equivalents  of  a  basic  protoxide.  Thus,  when  solution  of  phosphorous  acid  is  mixed 
with  a  slight  excess  of  solution  of  soda,  and  carefully  evaporated,  crystals  are  depo- 
sited which  have  the  composition  2NaO  .  PO.,  +  IIHO.  From  these  crystals,  how- 
ever, only  10  eqs.  of  water  can  be  separated,  even  at  670°  F.,  leading  to  the  belief 
that  the  elements  of  the  last  equivalent  of  water  really  belong  to  the  acid  itself, 
and  that  the  true  formula  of  the  phosphite  of  soda  dried  at  that  temperature  is 
2NaO  .  HO  .  PO3,  or  2NaO  .  PHO^.  In  support  of  this  view,  it  is  to  be  desired  that 
the  compound  PHO4  or  HO  .  PO3  should  be  obtained  in  a  separate  state.  Granting 
that  phosphorous  acid  is  dibasic,  it  should  form,  like  dibasic  phosplioric  acid,  two 
classes  of  salts  ;  accordingly,  we  find  the  acid  phosphites  containing  only  one  equi- 
valent of  base,  the  absent  equivalent  being  represented  by  water.  Thus,  acid  phos- 
phite of  baryta  dried  at  212°  F.  has  the  composition  BaO  .  2H0  .  PO3,  or  (allowing 
the  existence  of  PHO^)  BaO  .  HO  .  PHO4.  When  heated,  the  phosphites  are  con- 
verted into  phosphates  at  the  expense  of  the  oxygen  of  the  water  contained  in  them, 
the  hydrogen  being  evolved,  often  accompanied  by  phosphuretted  hydrogen. 

167.  Eypophosphorous  acid. — The  anhydrous  hypophosphorous  acid  is  at  present 
entirely  imaginary.  When  phosphorus  is  boiled  with  hydrate  of  baryta  and  water, 
the  latter  is  decomposed,  its  hydrogen  combining  with  part  of  the  phosphorus  to 
form  phosphuretted  hydrogen  (spontaneously  inflammable),  which  escapes,  whilst 
the  oxygen  of  the  water  unites  with  another  part  of  the  phosphorus,  forming  hypo- 
phosphorous  acid,  which  combines  with  baryta  and  water  to  form  hypophosphite  of 
baryta;  this  may  be  obtained  by  evaporating  the  solution,  in  crystals  having  the 
composition  BaO  .  2H0  .  PC.  The  action  of  phosphorus  upon  hydrate  of  baryta  may 
be  represented  by  the  equation — 

3(BaO.HO)    -H    6H0    +    ?^    =    3(BaO .  2H0 .  PC)    +    PH, . 

Hydrate  of  Hypophosphite  of  Phosphuretted 

baryta.  baiyta.  hydrogen. 

Some  phosphate  of  baryta  (3BaO .  PO5)  is  also  formed  at  the  same  time,  as  the 
result  of  a  secondary  action. 

By  dissolving  the  hypophosphite  of  baryta  in  water,  and  decomposing  it  with  the 
requisite  quantity  of  sulphuric  acid,  so  as  to  precipitate  the  baryta  as  sulphate,  a 
solution  is  obtained  which  may  be  concentrated  by  careful  evaporation  till  it  has 
the  composition  represented  by  the  formula  3H0  .  PO.  If  this  hydrated  hypophos- 
phorous acid  be  heated,  it  evolves  phosphuretted  hydrogen,  and  becomes  converted 
into  hydrated  phosphoric  acid ;  2(3HO  .  PO)  =  3H0  .  PO5  +  PH3.  When  exposed 
to  the  air  it  absorbs  oxygen,  and  becomes  converted  into  phosphorous  and  phos- 
phoric acids.  It  is  a  more  powerful  reducing  agent  than  phosphorous  acid.  The 
latter  acid  does  not  reduce  a  solution  of  sulphate  of  copper,  but  hypophosphorous 
acid,  when  gently  warmed  with  it,  gives  a  black  precipitate  of  suhhydride  of  copper 
(CujH),  which  is  decomposed  by  boiling,  evolving  hydrogen  and  leaving  metallic 
copper. 

The  composition  of  the  hydrated  hypophosphorous  acid  (3H0  .  PO)  formerly  led 
to  the  belief  that  this  acid  was  tribasic,  but  it  is  found  incapable  of  generating  salts 
which  contain  more  than  1  eq.  of  basic  protoxide.  These  always  retain  the  elements 
of  2  eqs.  of  water,  even  though  exposed  to  a  high  temperature.  Thus  the  dried 
hypophosphite  of  baryta  contains  BaO .  2H0  .  PO.  Hence  it  is  often  represented  as 
BaO  .  PHgOj.when  the  hydi-ated  acid  would  be  HO  .  PH^Og  (=  3H0  .  PO),  and  would 
be  a  monobasic  acid  like  metaphosphoric  acid.  When  heated,  the  hypophosphites 
evolve  phosphuretted  hydrogen,  and  are  converted  into  pliosphates.  The  hypophos- 
phite of  soda  (NaO .  PH2O3)  is  sometimes  used  in  medicine  ;  its  solution  has  been 
known  to  explode  with  great  violence  during  evaporation,  probably  from  a  sudden 
disengagement  of  phosphuretted  hydrogen. 

It  will  be  noticed  that  the  phosphites  may  be  represented  as  pyrophospliates,  in 
which  1  eq.  of  oxygon  in  the  phosphoric  acid  has  been  displaced  by  liydrogen.  Thus, 
It  in  pyrophosphate  of  soda  (2NaO .  POJ  one  equivalent  of  oxygen  in  the  acid  be  dis- 
placed by  hydrogen,  it  would  give  phosphite  of  soda  (2NaO .  PHOjV  and  in  a  similar 


COMPOUNDS  OF  PHOSPHOEUS  WITH  HYDROGEN. 


235 


raauuer,  hypophosphite  of  soda  (NaO  .PH3O3)  may  be  represented  as  derived  I'rom 
metaphospbate  of  soda  (NaO  .  PO5)  by  the  displacement  of  two  equivalents  of  oxygen 
in  tlie  acid  by  hydrogen. 

168.  Suboxide  of  phosphorus  is  supposed  to  constitute  the  yellow  or  red  residue 
which  is  left  in  the  dish  when  phosphorus 
burns  in  air,  but  it  is  always  mixed  with  much 
phosphoric  acid.  If  phosphorus  be  melted 
under  water  in  a  ilask  (fig.  208),  and  oxygen 
gas  be  allowed  to  bubble  througli  it  (a  brass 
tube  being  employed  to  convey  the  oxygen), 
each  bubble  of  the  gas  produces  a  brilliant 
flash,  and  the  phosphorus  is  converted  into 
red  flakes,  which  were  believed  to  be  suboxide 
of  phosphorus,  but  are  probably  amorphous 
phosphorus.  The  true  suboxide  of  phosphorus 
(P2O)  appears  to  be  formed  when  small  pieces 
of  phosphorus  are  covered  with  terchloride  of 
phosphorus,  exposed  to  the  air,  and  afterwards 
heated  with  water,  when  the  suboxide  is  deposited  as  a  yellow  powder,  becoming 
red  at  high  temperatures,  and  inflaming  when  heated  in  air. 


169. 


Phosphides  of  Htdeogen. 
Although  phosphorus  and  hydrogen  do  not  combine  directly, 


i/u    1/  7 

there  are  three  compounds  of  these  elements  producible  by  processes  ol 
substitution,  the  composition  of  which  is  shown  in  the  following  table 


By  Weight. 

Name. 

Equivalent  Fonnula. 

Phosphoras. 

Hydrogen. 

Phosphuretted  hydrogen  gas  .    .  . 

PH3 

31 

3 

Liquid  phosphide  of  hydrogen    .  . 

PH3 

31 

2 

P,H? 

62 

1 

Phosphuretted  hydrogen  gas  is  by  far  the  most  important  of  these.  It 
has  been  mentioned  above  as  re- 


suiting  from  the  action  of  heat  upon 
hydrated  phosphorous  acid,  and  when 
prepared  by  this  process  it  is  ob- 
tained as  a  colourless  gas,  with  a 
most  powerful  odour  of  putrid  fish, 
inllaming  on  the  approach  of  a  light, 
and  burning  with  a  brUHant  white 
flame,  producing  thick  clouds  of 
phosphoric  acid.  It  is  slightly 
heavier  than  air  (sp.  gr.  ri9),  and 
has  been  liquefied  under  high  pres- 
sure. 

The  ordinary  method  of  preparing  this 
gas  for  experimental  purposes  consists  in 
boiling  phosphorus  with  a  strong  solution 
of  potash,  wlien  water  is  decomposed,  its 
hydrogen  combining  with  ono  part  of  the 
phosphorus,  and  its  oxygen  witli  another  part  forming  hypophosphorous  acid,  whicl 
unites  with  the  potash. 


Fig.  209.— Preparation  of  phosphuretted 
hydrogen. 
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A  few  fragments  of  phospliorus  are  introduced  into  a  small  retort  (fig.  209), 
whicli  is  then  nearly  filled  witli  a  strong  solution  of  potash  (sp.  gr.  l-3«),  and 
heated.  The  extremity  of  the  neck  of  the  retort  should  not  be  plunged  under 
water  until  the  spontaneously  inflammable  gas  is  seen  burning  at  the  orifice, 
and  the  retort  must  not  be  placed  close  to  the  face  of  the  operator,  since  explo- 
sions sometimes  take  place  in  preparing  the  gas,  and  the  boiling  potash  produces 
dangerous  efl^ects.  Tlie  gas  may  be  collected  in  small  jars  filled  with  water, 
taking  care  that  no  bubble  of  air  is  left  in  them.  It  contains  phosphuretted 
hydrogen,  "mixed  with  free  hydrogen,  the  latter  being  formed  from  the  deoxidation 
of  water  by  the  hypophosphite  of  potash.  As  each  bubble  of  this  gas  escapes  into 
the  air  through  the  water  of  the  pneumatic  trough,  it  burns  with  a  vivid  white 
flame,  producing  beautiful  wreaths  of  smoke  (phosphoric  acid),  resembling  the 
gunner's  rings  sometimes  seen  in  firing  cannon.  Small  bubbles  sometimes  escape 
■without  spontaneously  inflaming.  If  a  bubble  be  sent  up  into  a  jar  of  oxygen,  the 
flash  of  light  is  extremely  vivid,  and  the  jar  must  be  a  strong  one  to  resist  the  con- 
cussion. It  is  advisable  to  add  a  trace  of  chlorine  to  the  oxygen  to  insure  the 
inflammation  of  each  bubble,  for  an  accumulation  of  the  gas  would  shatter  the  jar. 

If  this  gas.be  passed  through  a  tube  cooled  in  a  freezing  mixture  of  ice  and  salt, 
the  gas  escaping  from  the  tube  is  found  to  have  lost  its  spontaneous  inflammability, 
although  it  takes  fire  on  contact  with  flame.  The  cold  tube  contains  the  liquid 
phosphide  of  hydrogen  (PHj),  which  was  present  in  the  gas  in  the  state  of  vapour,  and 
caused  its  spontaneous  inflammability,  for  as  soon  as  this  liquid  comes  in  contact 
with  air  it  takes  fire.  When  exposed  to  light,  the  liquid  phosphide  is  decomposed 
into  phosphuretted  hydrogen  gas  and  a  yellow  solid  phosphide  (P2H),  which  is  not 
spontaneously  inflammable ;  SPHj  =  P2H  -t-  SPH^.  It  is  for  this  reason  that  the 
spontaneously  inflammable  gas  loses  that  isroperty  when  kept  (unless  in  the  dark), 
depositing  the  solid  phosphide  upon  the  sides  of  the  jar. 

By  passing  a  few  drops  of  oil  of  turpentine  up  through  the  water  into  a  jar  of  the 
spontaneously  inflammable  gas,  this  property  will  be  entirely  destroyed,  whereas 
the  addition  of  a  trace  of  nitrous  acid  imparts  spontaneous  inflammability. 

Phosphuretted  hydrogen,  when  passed  through  solutions  of  some  of  the  metals, 
precipitates  their  phosphides.  For  example,  with  sulphate  of  copper  it  gives  a 
black  precipitate  of  phosphide  of  copper — 

3(CuO.S03)    +    PH3    =    3(HO.S03)    +    PCU3  , 

When  this  black  precipitate  is  heated  with  solution  of  cyanide  of  potassium,  it 
evolves  self-lighting  phosphuretted  hydrogen. t  In  fact  this  is  one  of  the  easiest 
and  safest  methods  of  preparing  this  gas  ;  for  the  phosphide  of  copper  is  readily  ob- 
tained by  simply  boiling  phosphorus  in  a  solution  of  sulphate  of  copper. 

Phosphuretted  hydrogen  has  great  pretensions  to  rank  as  the  chemical  analogue 
of  ammonia,  for  although  it  has  no  alkaline  properties,  it  is  capable  of  combining 
with  hydrobromic  and  hydriodio  acids  to  form  crystalline  compounds  analogous  to 
the  hydrobromate  and  hydriodate  of  ammonia ;  these  compounds,  however,  are  de- 
composed by  water.  It  will  be  seen  hereafter,  that  when  the  hydrogen  of  phos- 
phuretted hydrogen  is  displaced  by  certain  compound  radicals,  such  as  etliyle,  power- 
ful organic  bases  are  produced. 

The  spontaneously  inflammable  phosphuretted  hydrogen  may  also  be  obtained 
by  throwing  fragments  of  phosphide  of  calcium  into  water ;  this  substance  is  pre- 
pared by  passing  vapour  of  phosphorus  over  red-hot  quick-lime,  or  simply  by  heat- 
ing small  lumps  of  quick-lime  to  redness  in  a  crucible  and  throwing  in  fragments 
of  phosphorus,  closing  the  crucible  immediately.  The  dark  brown  mass  thus 
obtained  is  a  mixture  of  pyrophosphate  of  lime  and  phosphide  of  calcium  of  some- 
what variable  composition. 

170.  Composition  of  pliosphuretted  hydrogen  gas. — Analysis  has  sliown 
this  gas  to  contain  31  parts  by  weight  of  phosphorus  comhined  with  3 
parts  by  weight  of  hydrogen,  or  1  eq.  of  phosphorus  and  3  eqs.  of  hydro- 
gen. It  combines  with  an  equal  volume  of  hydriodic  acid  gas,  and  the 
compound  is  found  to  contain  34  parts  by  Aveight  of  phosphuretted  liydro- 

♦  450  grains  of  comniou  stick  pota.sli  dLssolvcd  iji  1000  grains  of  water. 
T  Cyanide  of  copper  and  phosphide  of  potassium  being  formed,  and  tlie  latter  de- 
composed by  water,  giving  pliosi)hurctted  liydrogcn,  and  liypophosphite  of  potash. 
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gen,  and  128  parts  (1  eq.)  of  hydriodic  acid.  But  1  eq.  of  hydriodic  acid 
occupies  4  vols.  (0  =  1  vol.),  therefore  1  eX[.  of  pliosphuretted  hydrogen 
occupies  4  vols.  The  specific  gravity  of  the  gas  (or  weight  of  1  vol.) 
being  1-185,  the  weight  of  4  vols,  will  he  4-740.  But  3  eqs.  of  hydrogen 
occupy  6  vols. 

4  vols.  PHa  weigh,  4-740 

6  vols.  H  (.069  X  6)   -414 

"Weight  of  phosphorus  vapour,  .       .       .  4-326 

contained  in  4  vols.  PH,..  The  specific  gravity  of  phosphorus  vapour  is 
4-50,  so  that,  allowing  for  errors  of  experiment,  the  ahove  numher  repre- 
sents 1  vol.  of  the  vapour. 

1  eq.  or  4  vols,  of  PHj,  therefore,  contain  1  eq.  or  1  vol.  of  phosphorus 
vapour,  and  3  eqs.  or  6  vols,  of  hydrogen.  Unfortunately  this  is  not 
analogous  to  the  composition  of  ammonia  (NHj),  in  which  the  1  eq.  of 
nitrogen  occupies  2  vols.  The  molecular  formula  of  phosphuretted 
hydrogen,  on  the  assumption  that  1  vol.  of  vapour  of  phosphorus  repre- 
sents one  atom,  would,  of  course,  he  FHg,  hut  the  chemical  resemblance 
between  that  substance  and  ammonia  is  so  great,*  that  preference  is  given- 
to  the  molecular  formula  PHj  (=2  vols.),  when  P  represents  only  ^  voL 
of  vapoiu-  (H  =  1  vol.),  it  being  hoped  that  future  investigation  may  re- 
move the  anomaly.  When  phosphuretted  hydrogen  is  decomposed  by  a 
succession  of  electric  sparks,  2  vols,  of  the  gas  yield  3  vols,  of  hydrogen, 
red  phosphorus  being  deposited.  Assuming  31  to  represent  the  atomic 
weight  of  phosphorus,  the  atomic  formula  of  anhydrous  phosphoric  acid 
would  be  P^Og  =  16),  and  that  of  the  trDiydrated  or  common  phos- 
phoric acid  HgPO^. 

171.  The  chlorides  of  phosphorus  correspond  in  composition  to  phosphorous  and 
phosphoric  acids.  The  terchloride  (PCI3)  is  prepared  by  acting  upon  phosphorus 
with  perfectly  dry  chlorine  in  the  apparatus  employed  (p.  219)  for  preparing  the 
dichloride  of  sulphur.  Terchloride  of  phosphorus  distils  over  very  easily  (boiling 
point,  173°-4  F.),  as  a  colourless  pungent  liquid  (sp.  gr.  1-62),  -which  fumes  strongly 
in  air,  its  vapour  decomposing  the  moisture  of  the  air  and  producing  hydrocliloric 
acid  fumes.  In  contact  with  water  the  liquid  is  immediately  decomposed,  yielding 
hydrochloric  and  phosphorous  acids,  as  described  for  the  preparation  of  the  latter 
acid  (p.  233).  Its  analogy  to  anhydrous  phosphorous  acid  is  shown  by  its  absorb- 
ing oxygen  when  boiled  in  the  presence  of  that  gas,  and  forming  the  oxychloride  of 
phosphorus  (PCI3O2),  corresponding  in  composition  to  anhydrous  phosphoric  acid.  It 
also  absorbs  chlorine  with  avidity,  becoming  converted  into  peniar.hloride  of  phosphorus 
(PCI5).  This  compound,  however,  is  more  conveniently  prepared  by  passing 
chlorine  through  a  solution  of  phosphorus  in  bisulphide  of  carbon,  carefully  cooled. 
On  evaporation,  the  pcntachlorido  of  phosphorus  is  deposited  in  white  prismatic 
crystals,  which  volatilise  below  212°  F.,  and  fume  when  exposed  to  air,  from  tho  pro- 
duction of  hydrochloric  acid.  When  thrown  into  water  it  is  decomposed  into  phos- 
phoric and  hydrochloric  acids ;  PCI5  -t-  8H0  =  3H0 .  PO5  +  5HC1.  But  if  it  be 
allowed  to  deliquesce  in  air,  only  a  partial  decomposition  takes  place,  and  tho 
oxychloride  of  phosphorus  is  formed  ;  PCI5  +  2H0  =  PCljO^  +  2HC1. 

This  oxychloride  of  phosphorus  may  also  be  produced  by  heating  pontachloride 
of  phosphorus  with  anhydrous  phosphoric  acid  ;  2P0p  -f  SPClg  =  BPCljOg.  A 
more  instructive  method  of  preparing  it  consists  in  distilling  the  pentachlorido  of 
phosphorus  with  crystallised  boracic  acid — 

3PCI5    +    2(3HO.B03)    =    3PCI3O2    -t-    6HC1    +    2BO3  . 

Some  of  the  hydrated  organic  acids  (succinic,  for  example)  may  be  obtained  in 

*  Moreover,  the  specific  heat  of  phosphoms  agrees  much  moro  closely  with  an  atomic 
weight  of  31  (=  J  vol.)  than  with  62  (=1  vol.) 
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the  anhydrous  state,  as  the  boracic  acid  is  in  this  case,  by  distillation  with  penta- 
chloride  of  phosphorus.  The  oxychloride  of  phosphorus  distils  over  (boiling-point, 
230°  F.)  as  a  heavy  (sp.  gr.  1-7)  colourless  fuming  liquid  of  pungent  odour.  Of 
course  it  is  decomposed  by  water,  yielding  hydrochloric  and  phosphoric  acids.  It 
will  be  found  of  the  greatest  use  in  effecting  certain  transformations  in  organic  sub- 
stances. 

The  analogy  between  water  and  hydrosulphuric  acid  would  lead  to  the  expecta- 
tion that  a,  sulphocldoride  of  phosphorus  (PCI3S2),  corresponding  to  the  oxychloride, 
would  be  formed  by  the  action  of  hydrosulphuric  acid  upon  pentachloride  of  phos- 
phorus ;  PCI5  +  2HS  =  PCI3S2  +  2H01.  It  is  a  colourless  fuming  liquid,  which 
is  slowly  decomposed  by  water,  giving  phosphoric,  hydrochloric,  and  hydrosulphuric 
acids;  PCI3S2  +  8H0  =  SHO.POj  +  3HC1  -f  2HS.  When  acted  on  by  solu- 
tion of  soda,  the  sulphochloride  of  phosphorus  loses  its  chlorine  to  the  sodium, 
and  acquires  an  equivalent  quantity  of  oxygen,  a  sulphoxy-phosphate  of  soda 
(3NaO .  PO3S2  +  24HO)  being  deposited  in  crystals.  This  salt  evidently  corre- 
sponds in  composition  to  the  triphosphate  of  soda  (3NaO  .  PO5  +  24HO),  and  its  pro- 
duction is  expressed  by  the  equation  ;  PCI3S2  +  6NaO  =  3NaCl  +  3NaO  .  PO3S2. 
Since  salts  of  similar  composition  may  be  obtained  with  other  metallic  oxides,  there 
probably  exists  a  sulphoxy-phosphoric  acid  (PO3S2)  corresponding  to  phosphoric 
acid. 

The  terchloride  of  phosphorus  (POl,;)  contains  1  vol.  of  phosphorus  vapour  and 
6  vols,  of  chlorine,  condensed  into  the  space  of  4  vols.  (0  =  1  vol.),  its  vapour 
density  being  4-875. 

The  pentachloride  (PClg)  having  a  vapour  density  of  3-654,  contains  1  vol.  of 
phosphorus  vapour  and  10  vols,  of  chlorine  condensed  into  8  vols,  of  pentachloride 
of  phosphorus  vapour.* 

In  the  oxychloride  of  phosphorus  (PCI3O2),  however,  1  vol.  of  phosphorus  vapour, 
6  vols,  of  chlorine,  and  2  vols,  of  oxygen,  are  condensed  into  4  vols.,  the  specitic 
gravity  of  its  vapour  being  5-29. 

The  composition  by  volume  of  the  sulphochloride  (POI3S2)  corresponds  to  that  of 
the  oxychloride,  2  vols,  of  sulphur  vapour  (at  1900°  F.)  occupying  the  place  of  the 
2  vols,  of  oxygen,  so  that  the  specific  gravity  of  the  vapour  of  sulphochloride  of  phos- 
phorus is  5-878. 

The  bromides  and  oxybromide  of  phosphorus  correspond  to  the  chlorine  compounds. 

Iodine  in  the  solid  state  combines  very  energetically  with  phosphorus,  but  if  the 
two  elements  be  brought  together  in  a  state  of  solution  in  bisulphide  of  carbon,  a 
more  moderate  action  ensues,  and  two  iodides  of  phosphorus  may  be  obtained  in  crys- 
tals ;  a  teriodide  (PI3)  corresponding  to  the  terchloride,  and  a  biniodide  (PI2), 
which  has  no  analogue  either  among  the  oxygen,  chlorine,  or  bromine  compounds 
of  phosphorus. 

The  addition  of  a  very  small  quantity  of  iodine  to  ordinary  phosphorus,  fused  in  a 
flask  filled  with  carbonic  acid  gas,  materially  accelerates  its  conversion  into  the  red 
modification,  and  allows  the  change  to  be  effected  at  a  much  lower  temperature 
than  that  required  when  the  phosphorus  is  heated  alone.  This  has  been  ascribed 
to  the  disposition  of  the  electro-negative  iodine  to  cause  the  phosphorus  to  assume 
the  positive  or  amorphous  state  when  entering  into  combination  with  it ;  this  com- 
pound being  decomposed  by  heat  with  separation  of  amorphous  phosphorus,  the 
iodine  combines  with  a  fresh  portion  of  the  phosphorus,  which  is  converted  in  the 
same  way. 

172.  The  sulphides  of  phosphorus  may  be  formed  by  the  direct  combination  of  their 
elements.  If  ordinary  phosphorus  be  used,  the  experiment  is  not  unattended  with 
danger,  and  should  be  performed  under  water.  It  is  safer  to  combine  the  amor- 
phous phosphorus  with  sulphur,  at  a  moderate  heat,  in  an  atmosphere  of  carbonic 
acid. 

There  appear  to  be  at  least  three  sulphides  of  phosphorus  corresponding  to  the 
oxides,  viz.,  the  protosulphide  (PS)  corresponding  to  the  imaginary  anhydrous  hypo- 
phosphorous  acid  (PC),  the  tersulphide  (PS3),  representing  phosphorous  acid  (PO3), 
and  the  pentasulphido  (PS^),  analogous  to  phosphoric  acid  (PO^). 

*  This  is  an  exception  to  the  rule,  that  the  equivalents  of  compound  vapoiu-s  usually 
t^a^wL       ^'       ~  appears  that,  at  the  temperature  (572°  P.)  at  which 

tinn  ih?^"'  ""^"^'^y  of  pentachloride  of  phosjihorus  is  detennined,  it  undergoes  dissocia- 
pninn?  Ji^^i  ?',™'xt^"'e  of  4  vols,  of  tcrchloride  of  phospliorus  and  4  vols,  of  chlorine,  the 
colour  01  which  IS  visible  in  the  tube  m  which  the  vapoiir  is  heated. 
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PS  is  a  yellow  oily  liquid  whicli  may  be  distilled  out  of  contact  with  air. 

PS3  is  a  yellow  solid,  easily  fusible,  and  capable  of  subliming  in  a  ci-ystalline 
form  if  air  be  excluded.  It  may  be  produced  by  the  action  of  hydrosulpliuric  acid 
upon  torchloride  of  pbosphorus  ;  PCI3  +  3HS  =  PS,  +  3HC1. 

PS5  crystallises  more  readily  in  a  fused  state  tlian  PS3.  Both  these  sulphides, 
unlike  the  protosulphide,  are  easily  decomposed  by  water."  All  the  sulphides  are 
sulphur-acids  like  their  prototypes  among  the  oxides  of  phosphorus. 

173.  Action  of  ammonia  upon  anhydrous  phosphoric  acid.— Some  remarkably  stable 
and  definite  compounds,  containing  nitrogen  and  phosphorus,  are  derived  from  the 
action  of  ammonia  on  anhydrous  phosphoric  acid,  and  the  study  of  their  mode  of 
formation  will  be  found  to  throw  some  light  upon  the  history  of  a  very  large  and 
important  class  of  organic  substances  known  as  the  amides.  Anhydrous  phosphoric 
acid  absorbs  ammoniacal  gas  with  great  evolution  of  heat,  and  produces,  not  phos- 
phate of  ammonia,  for  that  cannot  be  formed  unless  water  is  present,  but  the 
ammoniacal  salt  of  a  new  acid,  phosphamic  acid,  which  contains  the  elements  of  acid 
phosphate  of  ammonia  (NH^O  .  2H0  .  PO5)  minus  four  equivalents  of  water— 
NH3    +    PO3    =    HO    -1-    NH2PO,  . 

Phosphamic  acicl. 

When  gently  heated  with  water,  phosphamic  acid  is  converted  into  acid  phosphate 
of  ammonia. 

When  the  phosphamate  of  ammonia  is  heated  in  a  current  of  dry  ammonia  it 
gives  off  water,  and  leaves  a  yellow  insoluble  substance  formerly  supposed  to  'be 
phosphide  of  nitrogen,  but  now  known  as  phospham — 

NHg.HO.NHaPO^    =    5H0    +    NgHP  . 
Phosphamate  of  ammonia.  Phospham. 

It  is  not  surprising  that  the  presence  of  hydrogen  in  this  substance  should  have 
been  overlooked,  for  it  may  be  heated  to  redness  (out  of  contact  with  air)  without 
alteration,  is  unaffected  by  chlorine,  and  is  very  slowly  acted  upon  by  nitric  acid. 

Action  of  ammonia  on  0XIJ  chloride  of  phosphorus. 
PCI3O2    +    3NPI,    =    3HC1    -f    NoH„PO„  . 

Oxychloride  of  Phospliotriamide. 
phosplioras. 

Of  course  the  hydrochloric  acid  combines  with  the  excess  of  ammonia  to  form 
hydrochlorate  of  ammonia,  which  may  be  washed  out  with  water,  leaving  the  phos- 
photriamide  as  a  white  insoluble  solid,  not  easily  attacked  by  acids  or  alkalies.  It 
may  be  regarded  as  triphosphate  of  ammonia  (SNH^CPOJ  minus  six  equivalents 
of  water. 

If  sulphochloride  of  phosphorus  be  submitted  to  the  action  of  ammonia,  sulphos- 
photriamide  is  obtained — 

PCI3S2    +    3NH3    =    3HC1    -f    N3H(,PS2  . 
Sulphochloride  of  Sulphiisphotriamicle. 
phosphonis. 

This  compound  may  evidently  be  regarded  as  sulphophosphate  of  (sulphide  of)  " 
ammonium  (SNH^S  .  PS^)  minus  six  equivalents  of  hydrosulpliuric  acid. 


Action  of  ammonia  on  pentachloridc  of  phosphm-us. 

PClg    +    2NH3   =    2HC1    +    N2H4PCI3  . 

Chloropliosph'amido. 

The  hydrochloric  acid  combines  with  the  excess  of  ammonia,  forming  hydi-ochlorate 
of  ammonia.  By  boiling  chh)rophospbamido  with  water,  a  very  stable  insoluble  sub- 
stance is  obtained,  known  as  ^ihosphodiamide — 

N^H^'Cls    +    2H0    =    N2H3PO2    +  3I-IC1. 

Clilorophosphamide.  Phosphodlamidu. 

This  substance  may  bo  represented  as  derived  from  the  pliosphatc  of  ammonia 
(2NH^0  .  HO  .  PO5),  by  tlio  abstraction  of  six  equivalents  of  water. 

When  phosphodiamido  is  heated  it  loses  ammonia  and  becomes  monophosphamide  

N2II3PO2    =    NII3    -I-    NPO,  . 
Phosphodlftiiildc.  Monophosphamide. 
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which  may  be  regarded  as  acid  phosphate  of  ammonia  (NH,0  .  2H0 .  PO^)  minus 

six  equivalonts  of  water.  „      ,  ,  ,  ,  •  i  i 

The  phrase  amides  of  phosphoric  acid  refers  to  those  substances  which  may  be 
represented  as  derived  from  the  phosphates  of  ammonia  by  the  loss  of  a  certain 
number  of  equivalents  of  water  ;  thus — 

NH  0 .  2H0 .  POg    —    6H0    =    NPO2  Monophosphamide. 
2NH''o  !  HO  .  PO-     —    6H0    =    N2H3PO2  Phosphodiamide. 
SNH^O  .POg       °     —    6H0    =    NpHgPOg  Phosphotriamide. 
All  these  substances  yield  ammonia  and  phosphate  of  potash  when  heated  witli 
hydrate  of  potash,  when  they  acquire  the  elements  of  water. 

AESENIC. 

174.  Tliis  element  is  often  classed  among  the  metals,  becanse  it  has  a 
metallic  lustre  and  conducts  electricity,  but  it  is  not  capable  of  forming  a 
base  with  oxygen,  and  the  chemical  character  and  composition  of  its 
compounds  connect  it  in  the  closest  manner  with  phosphorus. 

Tn  its  mode  of  occtUTence  in  natiu-e  it  more  nearly  resembles  the 
sulphur  group  of  elements,  for  it  is  occasionally  found  ia  the  uncombined 
state  {native  arsenic),  but  far  more  abundantly  in  combination  with 
various  metals,  forming  arsenides,  which  frequently  accompany  the  sul- 
phides of  the  same  metals.  The  following  are  some  of  the  chief  arsenides 
and  arsenio-siiIjjMdes  found  in  the  mineral  kingdom  : — 

Kupfernickel,  NijAs. 

Arsenical  nickel,  NiAs. 

Tin-white  cobalt,  CoAs; 

Mispickel  or  arsenical  pyrites,  FeSg .  FeAs. 

Cobalt-glance,  CoS^ .  CoAs. 

Nickel-glance,  NiS„ .  NiAs. 

But  arsenic  also  occurs,  like  the  metals,  in  combination  with  sulphur,  thus 
we  have — 

Red  orpiment  or  realgar,  AsSj. 
Yellow  orpiment,  AsSg. 

It  is  from  these  minerals  that  arsenic  derives  its  name  {apaevimv,  orpiment), 
and  the  sulphides  of  arsenic  being  sulphur-acids,  are  found  in  combination 
with  other  sulphides ;  thus,  red  silver  ore  is  a  compound  of  the  sulphides 
of  silver  and  arsenic  (3AgS .  AsSg) ;  Tenna.ntite  contains  sulphide  of 
arsenic  combined  with  the  sulpirides  of  iron  and  copper  ;  and  cjreij  copjjcr 
ore  is  composed  of  sulphide  of  arsenic  with  the  sulphides  of  copper,  silver, 
zinc,  iron,  and  antimony.  In  an  oxidised  form  arsenic  is  found  in  condur- 
rite,  which  contains  arsenious  acid  (ASO3)  and  suboxide  of  copper. 
Cobalt-bloom  consists  of  arseniate  of  cobalt  (3CoO  .  AsO^).  _ 

Arsenical  pyrites  is  one  of  the  principal  soui-ces  of  arsenic  and  its  com- 
pounds, though  a  considerable  quantity  is  also  obtained  in  the  form  of 
arsenious  acid  as  a  secondary  product  in  the  Avorking  of  certain  ores, 
especially  those  of  copper,  tin,  cobalt,  and  nickel. 

The  substance  used  in  the  arts  under  the  name  of  arsenic  is  really  the 
oxide  of  arsenic  or  arsenious  acid  (AsOJ  ;  pure  arsenic  itself  has  very  few 
useful  applications,  so  that  it  is  not  the  subject  of  an  extensive  manufac- 
ture. It  can  be  extracted  from  arsenical  pyrites  (FeSo.  FeAs)  by  heating 
it  in  earthen  cylinders  fitted  with  iron  receivers,  in  which  the  arsenic  con- 
denses as  a  metaUic-looking  crust,  the  heat  expelling  it  from  the  pyrites 
in  the  form  of  vapour. 
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Fig.  210. — Extraction  of  axsenic. 


On  a  small  scale  it  may  bo  obtained  by  heating  a  mixture  of  arsenious  acid  witli 
half  Its  weight  of  recently  calcined  charcoal  in  a  crucible  ("fig.  210)  the  mixture 
being  covered  with  two  or  three  inches  of  char- 
coal in  very  small  fragments,  and  the  crucible  so 
placed  that  this  charcoal  may  be  heated  to  red- 
ness first,  in  order  to  ensure  the  reduction  of  any 
arsenious  acid  which  might  escape  from  below. 
In  order  to  collect  the  arsenic,  another  crucible, 
having  a  small  hole  drilled  through  the  bottom 
for  the  escape  of  gas,  is  cemented  on  to  the  first, 
in  an  inverted  position,  with  fire-clay,  and  pro- 
tected from  the  fire  by  an  iron  plate  with  a  hole 
in  it  for  the  crucible.  The  reduction  of  arseni- 
I  ous  acid  by  charcoal  is  thus  represented  

AsO,    +    C,    =    As    -f-    SCO  . 
For  the  sake  of  illustration,  a  small  quantity 
I  of  arsenic  may  be  prepared  from  arsenious  acid 

by  a  method  commonly  employed  in  testing  for 
•  that  substance.    A  small  tube  of  German  glass 

is  drawn  out  to  a  narrow  point  (A.  fig.  211),  and  sealed  with  the  aid  of  the  blow- 
:  pipe.    A  very  minute  quantity  of  arsenious  acid  is  introduced  into  the  point  of  the 

tube,  and  a  few  fragments  of 

charcoal  are  placed  in  the  tube 

itself  at  B.    The  charcoal  is 

heated  to  redness  with  a  blow- 
pipe flame,  and  the  point  is 

then  heated  so  as  to  drive  the 

arsenious  acid  in  vapour  over 

the  red-hot  charcoal,  when  a 

shining  black  ring  of  arsenic 

(C)  will  be  deposited  upon  the 

cooler  portion  of  the  tube. 

The  arsenic  thus  obtained 
is  a  brittle  mass  of  a  dark 
steel-grey  colour  and  bril- 
liant metallic  lustre  (sp. 
gr.  5-7).  It  does  not  fuse  wben  heated,  unless  in  a  sealed  tube,  since  it 
IS  converted  into  vapour  at  356°  F.  It  is  not  changed  by  exposure  to  air, 
unless  powdered  and  moistened,  when  it  is  slowly  converted  into  arsenious 
acid.  When  heated  m  air,  it  oxidises  rapidly  at  about  160°  F.,  giving  off 
white  fumes  of  arsenious  acid  and  a  characteristic  garlic  odour  (recalling 
that  of  phosphorus).  At  a  red  heat  it  burns  in  air  with  a  bluish  white 
flame,  and  in  oxygen  with  great  brilUancy.  It  is  not  dissolved  by  water 
or  any  simple  solvent  (herein  resembling  the  metals),  but  is  oxidised  and 
dissolved  by  nitric  acid. 

In  its  chemical  relations  to  other  elements,  arsenic  much  resembles 
phosphorus,  undergoing  spontaneous  combustion  in  chlorine,  and  easily 
combining  with  sulphur.  Like  phosphorus  also,  it  combines  with  many 
metals,  even  with  platinum,  to  form  arsenides,  and  its  presence  often 
affects  materially  the  properties  of  the  useful  metals.  There  are  some 
reasons  for  believuig  in  the  existence  of  two  allotropic  forms  of  arsenic 
differing  in  chemical  activity  like  those  of  phosphorus. 

Pure  arsenic  does  not  produce  symptoms  of  poisoning  till  a  considerable 
period  after  its  administration,  being  probably  first  oxidised  in  the  stomach 
and  intestines,  and  converted  into  arsenious  acid. 


Fig.  211.— Reduction  of  arsenious  acid. 
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Oxides  op  Aksenic. 
175.  Arsenic  forms  two  well-defined  acids  with,  oxygen,  corresponding 
to  phosphorous  and  phosphoric  acids. 


Equivalent 
Formula. 

By  Weight. 

Arsenic. 

Oxygen. 

Arsenious  acid, 
Arseuic  acid, 

AsOg 
AsO^ 

76 
75 

24 
40 

Absenious  acid. — Urdike  phosphorus,  arsenic,  when  burning  in  air, 
only  combines  with  three  equivalents  of  oxygen.  Arsenious  acid,  or 
white  arsenic,  is  a  very  useful  substance  in  many  branches  of  industry. 
It  is  employed  in  the  manufacture  of  glass,  of  several  colouring-matters, 
and  of  shot.  A  large  quantity  is  also  consumed  for  the  preparation  of 
arsenic  acid  and  arseniate  of  soda ;  it  is,  indeed,  the  source  from  which 
nearly  all  the  compounds  of  arsenic  are  procured.  Small  quantities  of 
crystaUiue  arsenious  acid  are  occasionally  found  associated  with  the  ores 
of  nickel  and  cobalt. 

Arsenious  acid  is  manufactured  by  roasting  the  arsenical  pyrites,  chiefly 
obtained  from  the  mines  of  Silesia,  in  muffles  or  ovens,  through  which 
air  is  allowed  to  pass,  when  the  arsenic  is  converted  into  arsenious  acid, 
and  the  sulphur  into  sulphurous  acid,  which  are  conducted  into  large 
chambers,  in  wliich  the  arsenious  acid  is  deposited  as  a  very  fine  powder. 
The  iron  of  the  pyrites  is  left  partly  as  oxide,  and  partly  as  sulphate  of 
iron.  The  removal  of  the  arsenious  acid  from  the  condensing  chambers 
is  a  very  unwholesome  operation,  owing  to  its  dusty  and  very  poisonous 
character.  The  workmen  are  cased  in  leather,  and  protect  their  mouths 
and  noses  with  damp  cloths,  so  as  to  avoid  inhaling  the  fine  powder. 

This  rough  arsenious  acid  is  subjected  to  a  second  sublimation  on  a 
smaller  scale  in  iron  vessels,  when  it  is  obtained  in  the  form  of  a  semi- 
transparent  glassy  mass  known  as  vitreous  arsenious  acid,  which  gradually 
becomes  opaque  when  kept,  and  ultimately  resembles  porcelain.  The 
white  arsenic  sold  in  the  shops  is  a  fine  powder,  dangerously  resembling 
flour  in  appearance,  but  so  much  heavier  (sp.  gr.  3-7)  that  it  ought  not  to 
be  mistaken  for  it.  When  examined  under  the  microscope,  it  appears  in 
the  form  of  irregular  glassy  fragments,  mixed  with  octahedral  crystals. 
Arsenious  acid  softens  when  gently  heated,  but  does  not  fuse  (unless  in  a 
sealed  tube),  being  converted  into  vapour  at  380°  F.,  and  depositing  in 
brilliant  octahedral  crystals  upon  a  cool  surface.  The  experiment  may  be 
made  in  a  small  tube  sealed  at  one  end,  the  upper  part  of  which  should 
be  slightly  warmed  before  heating  the  arsenious  acid,  so  as  to  prevent  too 
rapid  condensation,  which  is  unfavourable  to  the  formation  of  distinct 
crystals.*  The  octahedra  are  best  examined  with  a  binocidar  microscope. 
This  common  poison  may  fortunately  be  stiU  more  easily  recognised  by 
sprinkling  it  upon  a  red-hot  coal,  when  a  strong  odour  of  garhc  is  percep- 
tible, due  to  the  reduction  of  the  acid  by  the  heated  carbon ;  the  vapour 
of  arsenious  acid  itself  is  inodorous.    The  sparing  solubility  of  arsenious 

*  When  arsenious  acid  is  fused  in  a  long  tulie,  sealed  at  both  ends,  and  buried  in  hot 
sand,  the  mass,  after  cooling,  is  found  to  contain  some  prismatic  crystals,  which  are  also 
sublimed  on  those  parts  of  the  tube  which  have  been  heated  above  390°  F. 
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acid  in  water  is^  very  unfavourable  to  its  action  as  a  poison,  for,  when 
tlixo^ra  into  ordinary  liquids,  it  is  dissolved  in  very  small  quantity,  the 
greater  part  of  it  collecting  at  the  bottom.  Even  Avhen  arsenious  acid  is 
taken  into  the  stomach  in  a  solid  state,  its  want  of  solubility  delays  its 
passage  into  the  blood  sufficiently  to  give  a  better  chance  of  antidotal 
treatment  than  in  the  case  of  most  other  common  poisons.  Its  compara- 
tive insolubility  is_  shown  by  its  being  almost  tasteless. 

When  thrown  into  water,  arsenious  acid  exhibits  great  repulsion  for 
the  particles  of  that  liquid,  and  collects  in  a  characteristic  manner  round 
little  bubbles  of  air,  foiming  small  white  globes  which  are  not  wetted  by 
the  water.  Even  if  the  acid  be  stirred  with  the  water,  and  allowed  to 
remain  in  contact  with  it  for  some  hours,  a  pint  of  water  (20  oz.)  would 
not  take  up  more  than  20  grs.  of  arsenious  acid.  The  smallest  dose  which 
has  been  known  to  prove  fatal  is  2*5  gi-s.  If  boiling  water  be  poured 
upon  powdered  arsenious  acid,  and  allowed  to  remain  in  contact  with  it 
tiU  cold,  it  will  dissolve  about  ^-^-g-  of  its  weight  (22  grs.  in  a  pint). 

When  powdered  arsenious  acid  is  boiled  with  water  for  two  or  three 
hours,  100  parts  by  weight  of  water  may  be  made  to  dissolve  11-5  parts 
of  the  acid,  and  when  the  solution  is  allowed  to  cool,  about  9  parts  of  the 
acid  will  be  deposited  in  octahedral  crystals,  leaving  2-5  parts  dissolved 
in  100  of  water  (219  grs.  in  a  pint). 

This  great  increase  in  the  solubility  of  the  arsenious  acid  by  long  boiling 
with  water  is  usually  attributed  to  the  conversion  of  the  opaque  or  crys^ 
talline  variety  of  the  acid,  which  always  composes  the  powder,  into  the 
vitreous  modification,  which  is  the  more  soluble  in  water.  Water,  heated 
with  arsenious  acid  in  a  sealed  tube,  may  be  made  to  dissolve  its  own. 
weight  of  the  acid ;  as  the  solution  cools,  it  first  deposits  prismatic  crystals, 
and  afterwards  the  ordinary  octahedral  form.  The  solution  of  arsenious 
acid  is  very  feebly  acid  to  blue  litmus  paper. 

Arsenious  acid  dissolves  abundantly  ia  hot  hydrochloric  acid  (a  part  of 
it  being  converted  into  terchloride  of  arsenic),  and  as  the  solution  cools, 
part  of  the  acid  is  deposited  in  large  octahedral  crystals.  It  is  said  that 
if  the  vitreous  acid  be  dissolved  in  hydrochloric  acid,  the  formation  of 
these  crystals  will  be  attended  by  flashes  of  light,  visible  in  a  darkened 
room ;  but  the  opaque  variety  does  not  exhibit  tliis  phenomenon. 

The  vitreous  arsenious  acid  has  a  slightly  higher  specific  gravity  than 
the  opaque  form,  and  fuses  rather  more  easily.  The  opaque  variety  appears 
to  be  identical  in  its  properties  with  crystallised  arsenious  acid. 

Solutions  of  the  alkaUes  readily  dissolve  arsenious  acid,  forming  alkaline 
arsenites,  the  solutions  of  which  are  capable  of  dissolving  arsenious  acid 
more  easily  than  water,  and  deposit  it  in  crystals  on  cooling.  Arsenious 
acid  is  sometimes  deposited  in  prismatic  crystals  from  its  solution  in 
potash,  and  the  same  form  of  crystallised  arsenious  acid  has  been  found 
native.  On  adding  a  small  c[uantity  of  hydrocloloric  acid  to  the  solution 
of  the  alkaline  arsenite,  a  white  precipitate  of  arsenious  acid  is  formed. 

Arsenious  acid  has  the  property  of  preventing  the  putrefaction  of  skin 
and  similar  substances,  and  is  occasionally  employed  for  the  preservation 
of  objects  of  natural  liistory,  &c. 

Composition  of  arsenic  acid  and  arsenious  acid. — The  chemical  resem- 
blance between  arsenzc  acid  and  pliosphoric  acid  is  so  strong  as  to  lead  to 
the  belief  that  they  resemble  each  other  in  composition,  and  that  as 
phosphoric  acid  is  P0„  so  arsenic  acid  must  be  represented  by  AsO 
Analyses  have  shown  that  in  arsenic  acid  the  5  equivalents  (40  parts  by 

Q  2 


244  BASICITY  OF  A.KSENIOUS  ACID.— AKSENITES. 

weight)  of  oxygen  are  combined  with  75  parts  by  weight  of  arsenic,  aiid 
this  number  may  be  assumed  to  represent  the  equivalent  of  arsemc.  In 
arsenious  acid  it  is  found  that  75  parts  of  arsenic  are  combined  with  24 
parts  of  oxygen,  or  3  equivalents,  and  hence  that  acid  may  be  represented  by 
the  formula  AsO^,  rendering  it  the  analogue  of  anhydrous  phosphorous  acid. 

The  specific  gravity,  or  weight  of  1  volume  of  AsOa  vapour  =  13-85 
Deducting  that  of  vapour  of  arsenic,  =10-60 

3-25 

the  difference  represents  nearly  the  weight  of  3  volumes  (1-1057  x  3) 
of  oxygen.  Hence,  1  volume  of  arsenious  acid  vapour  contains  1  volume 
of  vapour  of  arsenic  and  3  volumes  of  oxygen,  and  the  equivalent  volume 
of  arsenic  is  1,  like  that  of  phosphorus.  The  molecular  formula  of 
arsenious  acid  should  be  {-A:se,)^,  accordmg  to  the  experimental  results 
stated  above,  representing  2  volumes  of  its  vapour,  the  symbol  As  standing 
for  1  volume  or  1  atom  of  arsenic  (150  parts  by  weight),  and  for  3 
volumes  of  oxygen  (48  parts  by  weight) ;  but  since  the  specific  heat  of 
arsenic  iadicates  75  as  its  atomic  weight,  the  molecular  formula  of  arsenious 
acid  is  generally  written  (As203)2,  1  atom  of  arsenic  vapour  being  taken 
to  occupy  I  volume. 

The  atomic  formula  of  arsenic  acid  would  then  be  written  AsjOg. 

Arsenites. — Arsenious  acid  does  not  destroy  the  alkaline  reaction  of  the 
alkalies,  and  it  does  not  decompose  the  alkaline  carbonates  unless  heat  is 
applied,  proving  it  to  be  a  feeble  acid.  The  arsenite  of  ammonia  is  very 
unstable,  evolving  ammonia  freely  when  exposed  to  the  air.  When 
arsenious  acid  is  dissolved  in  a  hot  solution  of  ammonia,  octahedral  crys- 
tals of  the  acid  are  deposited  on  cooling,  notwithstanding  the  presence  of 
ammonia  in  large  excess. 

When  the  carbonates  of  potash  and  soda  are  fused  with  an  excess  of 
arsenious  acid,  brilliant  transparent  glasses  are  obtained  which  are  similar 
in  composition  to  glass  of  borax  (KO .  2ASO3  and  NaO .  2ASO3). 

If  an  alkaline  arsenite  be  fused  in  contact  with  platinum,  the  latter  is  i 
easily  melted,  combining  with  a  smaU  proportion  of  arsenic  to  form  a  1 
fusible  arsenide  of  platinum,  a  portion  of  the  arsenious  acid  being  con-  • 
verted  into  arsenic  acid ;  SAsOg  =  3ASO5  +  As^.  The  alkahne  arseniates  ^ 
are  so  much  more  stable  than  the  arsenites,  that  the  latter  exliibit  a  great 
tendency  to  pass  into  the  former,  with  separation  of  arsenic. 

In  consequence  of  the  feeble  acid  character  of  arsenious  acid,  and  the 
want  of  stability  of  the  alkaline  arsenites,  there  is  some  difficulty  in  ascer- 
taining whether  it  is  a  monobasic  acid  or  othermse.    The  arsenite  of  i 
silver  (3AgO .  AsO,),  however,  contains  3  eqs.  of  oxide  of  silver  (348' 
parts)  combined  with  1  eq.  (99  parts)  of  arsenious  acid  ;  and  arsenite  of  1 
zinc  (3ZnO.  AsOa)  contains  3  eqs.  of  oxide  of  zinc  (122-1  parts)  com-  • 
bined  with  1  eo.  of  arsenious  acid.    Moreover,  the  arsenite  of  magnesia, 
dried  at  400°  F^,  has  the  composition  2MgO .  HO .  AsOa,  so  that  arsenious  ^ 
acid  would  appear  to  be  a  tribasic  acid,  though  there  are  not  wanting . 
arsenites,  the  composition  of  which  would  support  the  view  that  arsenious  - 
acid  ought  to  bo  represented,  like  phospliorous  acid,  as  a  bibasic  acid  01  ■ 
the  formula  2H0 .  AsHO^.    No  compound  of  the  anhydrous  acid  with 
water  or  its  elements  has  yet,  however,  been  obtained. 

The  arsenites  of  potash  and  soda  in  solution  are  sometimes  employed 
as  sheep-dipping  compositions;  and  an  arsenical  soap,  composed  of  arsenite 
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of  potash,  soap,  and  camphor,  is  used  by  naturalists  to  preserve  the  skins 
of  animals.    Ai'senito  of  soda  is  also  occasionally  employed  for  preventing 
'  incrustations  in  steam-Loilors,  heiug  prepared  for  that  purpose  by  dissolving 
:  2  eqs.  of  arsenious  acid  in  1  eq.  of  carbonate  of  soda. 

Scheele's  green  is  an  arsenite  of  copper  (2CuO .  HO .  AsO,)  prepared  by 
■  dissolving  arsenious  acid  in  a  solution  of  carbonate  of  potash,  and  decom- 
;  posing  the  arsenite  of  potash  thus  produced  by  adding  sulphate  of  copper, 
1  when  the  arsenite  of  copper  is  precipitated.  This  poisonous  colour  is  used 
I  to  impart  a  bright  green  tint  to  paper-hangings,  and  is  sometimes  injurious 
!  to  the  health  of  the  occupants  of  rooms  thus  decorated,  since  the  arsenite 
of  copper  is  often  easily  rubbed  off  the  paper,  and  diffused  through  the 
air  in  the  form  of  a  fine  dust,  a  small  portion  of  vi^hich  is  inhaled  with 
.  eveiy  breath. 

The  presence  of  the  arsenite  of  copper  in  a  sample  of  such  paper  is  readily  proved 
by  soaking  it  in  a  little  ammonia,  which 
will  dissolve  the  arsenite  of  copper  to  a 
blue  liquid,  the  presence  of  arsenic  in 
which  may  be  shown  by  acidifying  it 
with  a  little  pure  hydrochloric  acid,  and 
boiling  with  one  or  two  strips  of  pure 
copper,  which  will  become  covered  with 
a  steel-grey  coating  of  arsenide  of  cop- 
per. On  washing  the  copper,  drying  it 
on  filter-paper,  and  heating  it  in  a  small 
tube  (fig.  212),  the  arsenic  will  be  con- 
verted into  arsenious  acid,  which  will 
deposit  in  brilliant  octahedral  crystals  on 

the  cool  part  of  the  tube.    It  is  obvious  Fig.  212. 

that,  to  avoid  mistakes,  the  ammonia,  hy- 
drochloric acid,  and  copper  should  be  examined  in  precisely  the  same  way,  without 
the  suspected  paper,  so  as  to  render  it  certain  that  the  arsenic  is  not  derived  from  them. 

The  effective  green  colour  of  the  arsenite  of  copper  also  leads  to  its 
employment  as  a  colour  for  feathers,  muslin,  &c.,  where  it  is  very  inju- 
rious to  the  health  of  the  work-people.  It  has  even  been  ignorantly  or 
recklessly  used  for  colouring  twelfth-cake  ornaments,  &c. 

In  quantities  short  of  poisonous  doses,  arsenious  acid  appears  to  have  a 
remarkable  effect  upon  the  animal  body.  Grooms  occasionally  employ  it 
to  improve  the  appearance  of  horses,  and  in  Styria  if  seems  to  be  taken 
by  men  and  women  for  the  same  purpose,  apparently  favouring  the  secre- 
tion of  fat.  It  is  said  that  a  continuance  of  the  custom  developes  a 
craving  for  this  drug,  and  enables  large  doses  to  be  taken  without  imme-, 
diate  danger,  though  the  ultimate  consequences  are  very  serious. 

Solution  of  arsenite  of  potash  {Fowler's  solution)  has  long  been  used  in^ 
medicine, 

176.  Arsenic  acid. — ^This  acid  has  acquired  great  importance  in  the 
chemical  arts  during  the  last  few  years,  having  been  employed  io  replace 
the  expensive  tartaric  acid  used  in  calico-printing,  and  to  furnish,  by  its 
action  upon  aniline,  the  magnificent  dye  known  as  Magenta. 

Arsenic  acid  is  prepared  by  oxidising  arsenious  acid  with  three-fourtlis 
of  its  weight  of  nitric  acid  of  sp.  gr.  1-35,  when  it  dissolves  with  evolution 
of  much  heat  and  abundant  red  fumes  of  nitrous  acid — 

As03    +    HO.  NO,    +    2II0    =    NO3    +    SHO.AsO, . 
After  cooling,  the  solution  deposits  very  deliquescent  i)rismatic  crystals 
f;ontaining  3II0 .  A.sO,  -f-  Aq.    When  these  are  heated  to  212°  F.  they 
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melt,  and  the  liquid  gradually  deposits  needle-like  crystals  of  trUiydrated 
arsenic  acid,  3H0 .  AsO^,  corresponding  to  common  or  tribasic  pliosphoric 
acid.  At  300°  F.  the  hydrate  2HO.ASO5  may  be  obtained,  and  at  a 
temperature  of  500°  F.  a  white  mass  of  anhydrous  arsenic  acid  (AsOJ  is 
left.  If  this  be  heated  to  redness,  it  fuses  and  is  decomposed  into  arsenious 
acid  and  oxygen. 

The  hydrates  of  arsenic  acid  have  acquired  unusual  importance,  in  con- 
sequence of  a  costly  trial,  in  the  law  courts,  of  the  question,  whether  the 
patent  for  Magenta  dye  could  be  pronounced  invahd  because  the  patentee 
had  described°it  as  hemg  producible  by  the  action  of  dnj  arsenic  acid 
upon  aniline  ;  whereas  the  anlnjdrous  acid,  acting  upon  aniline,  will  not 
furnish  the  colour,  though  either  of  the  solid  (and  therefore  dry  in  popular 
language)  hydrates  will  do  so.  The  patent  was  eventually  invalidated, 
though  not  merely  upon  this  question. 

Anhydrous  arsenic  acid  has  very  much  less  attraction  for  water  than 
the  anhydrous  phosphoric  acid  to  which  it  corresponds  ;  it  deliquesces 
slowly  in  air,  and  dissolves  rather  reluctantly  in  water.  Neither  does  it 
appear  that  its  combinations  with  water  differ  from  each  other,  like  the 
phosphoric  acids,  in  the  salts  to  which  they  give  rise,  arsenic  acid  forming 
tribasic  salts  only,  like  common  phosphoric  acid.  The  arseniates  cor- 
respond very  closely  to  the  tribasic  phosphates  with  which  they  are 
isomorphous  (i.  e.,  identical  in  crystallme  form).  Thus  the  three  arseniates 
of  soda  are  similar  in  composition  to  the  three  tribasic  phosphates  of  soda, 
their  formulae  being — 

3E"aO .  AsOj  +  24Aq. 

2NaO  .  HO  .  AsOj    +  24Aq. 
NaO .  2H0  .  AsO,    +  Aq. 

But  if  the  two  last  salts  be  heated,  they  lose  then'  basic  water  without 
giving  rise  to  new  salts  corresponding  to  the  pyrophosphate  and  metar 
phosphate  of  soda,  and  resume  their  former  condition  when  placed  in 
contact  with  water. 

The  common  arseniate  of  soda  (2]sraO  .  HO  .  AsOj  +  14Aq.)  is  largely 
used  by  calico-printers  as  a  substitute  for  the  dung-baths  formerly  em- 
ployed, since,  like  the  common  phosphate  of  soda,  it  possesses  the  feebly 
alkaline  properties  requ.ired  in  that  particular  part  of  the  process.  It  is 
manufactured  by  combining  arsenious  acid  with  soda,  and  heating  the 
resulting  arsenite  of  soda  with  nitrate  of  soda,  from  which  it  acquires 
oxygen,  becoming  converted  into  arseniate  of  soda. 

Arsenic  acid  is  a  much  more  powerful  acid  than  arsenious  acid,  being 
comparable,  in  this  respect,  with  phosphoric  acid.  It  appears  to  be  less 
poisonous  than  arsenious  acid. 

177.  Arsenietted  hydrogen— only  compound  of  arsenic  and  hydro- 
gen, the  existence  of  wliich  has  been  satisfactorily  established,  is  that 
which  corresponds  to  ammonia  and  phosphuretted  hydrogen  gas,  and  is 
represented  by  the  formula,  AsH,.  It  is  prepared  by  the  action  of  sul- 
phuric acid  diluted  with  three  parts  of  water  upon  the  arsenide  of  zinc, 
obtained  by  heating  equal  weights  of  zinc  and  arsenic  in  an  earthen 
retort;  Zn^As  +  3(HO.S03)  =  AsH,  -i-  3(ZnO .  SO3).  The  gas  is  so 
poisonous  in  its  character  that  its  preparation  in  the  piu-e  state  is  attended 
with  danger.  It  has  a  sickly  alliaceous  odour,  and  may  be  liquefied  at 
-  40°  F.    It  is  inflammable,  bm-ning  with  a  peculiar  livid  flame,  pro- 
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ducing  -water  and  fumes  of  arsenious  acid ;  AsHg  +  0„  =  AsOj  +  3H0. 
The  cliief  interest  attaching  to  this  gas  depends  upon  the  circumstance 
tliat  its  production  allows  of  the  detection  of  very  minute  quantities  of 
ai'senic  in  cases  of  poisoning. 

The  application  of  this  test,  known  as  Marsh's  test,  is  the  safest  method  of  prepar- 
ing arsenietted  hydrogen  in  order  to  study  its  properties,  for  it  is  obtained  so  largely 
diluted  with  free  hydrogen  that  it  ceases  to  be  so  very  dangerous.    Some  fragments 
of  granulated  zinc  are  introduced  into  a  half-pint  bottle 
(fig.  213),  provided  with  a  funnel -tube  (A),  and  a  narrow  tube 
(B;  bent  at  right  angles  and  drawn  out  to  a  jet  at  the  extremity ; 
this  tube  should  be  made  of  German  glass,  so  that  it  may  not 
fuse  easily.    The  bottle  having  been  about  one-third  filled 
with  water,  a  little  diluted  sulphuric  acid  is  poured  down  the 
funnel-tube  so  as  to  cause  a  moderate  evolution  of  hydrogen, 
and  after  about  five  minutes  (to  allow  the  escape  of  the  air) 
the  hydrogen  is  kindled  at  the  jet.    If  a  few  drops  of  a  solu- 
tion obtained  by  boiling  arsenious  acid  with  water  be  now 
poured  down  the  funnel,  arsenietted  hydrogen  will  be  evolved 
together  with  the  hydrogen — 

AsOs  +        +  6(H0  .  SO3)  =  AsH.,  +  6(ZnO  .  SO3)  +  3H0  . 

The  hydrogen  flame  will  now  acquire  the  livid  hue  above  referred  to,  an 
smoke  of  arsenious  acid  will  rise  from  it.    If  a  piece  of  glass  or 
porcelain  be  depressed  upon  the  flame  (fig.  214),  it  will  acquire 
a  metallic-looking  coating  of  arsenic,  just  as  carbon  would  be 
deposited  from  an  ordinary  gas-flame.    Arsenietted  hydrogen 
is  easily  decomposed  by  heat,  so  that  if  the  glass  tube  Fig- 
through  which  it  passes  be  heated  with  a  spirit-lamp  (fig.  215), 
a  dark  mirror  of  arsenic  will  be  deposited  a  little  in  front  of  the  heated 
the  flame  of  the  gas  will  lose  its  livid  hue.  These 
deposits  of  arsenic  are  extremely  thin,  so  that  a 
very  minute  quantity  of  arsenic  is  required  to 
form  them,  thus  rendering  the  test  one  of  extra- 
ordinary delicacy.   It  must  be  remembered,  how- 
ever, that  both  sulphuric  acid  and  zinc  are  liable 
to  contain  arsenic,  so  that  erroneous  results  may 
be  very  easily  arrived  at  by  this  test  in  the  hands 
of  any  but  those  specially  devoted  to  such  investi- 
gations. 

Arsenietted  hydrogen,  like  sulphuretted  hydro- 
gen, causes  dark  precipitates  in  many  metallic 
solutions. 

Composition  of  arsenietted  hydrogem. — 
The  specific  gravity  of  this  gas  has  been  Yig.  215. 

found  to  be  2-695.     The  formula  AsHg 

Avould  represent  1  vol.  of  arsenic  vapour  and  6  vols,  of  hydrogen  (0  =  1  vol.) 

Weight  of  1  vol.  (sp.  gr.)  of  arsenic  vapour,  10-600 
„      6  vols,  of  hydrogen  (-069  x  6),  -414 

11-014 

But  the  sum  of  these  is  evidently  four  times  the  weight  of  1  vol.  of 
arsenietted  hydrogen,  hence  the  formula  AsH,,  represents  4  vols,  of  this 
gas,  containing  1  vol.  of  arsenic  vapour  and  6  vols,  of  hydrogen. 

Its  molecular  formula  ought  strictly  to  bo  written  AsH,,,  but,  as  in  the 
case  of  phosphuretted  hydrogen,  the  formula  AsH.,  is  preferred,  in  order 
to  exhibit  a  correspondence  in  composition  to  ammonia  (see  also  p.  244). 

Phosphuretted  hydrogen,  arsenietted  liydrogen,  and  ammonia,  constitute 
a  group  of  hydrogen  compounds  having  certain  properties  in  common, 
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wMch.  distinguish  them  from  the  compounds  of  hydrogen  with  other 
elements. 

Two  volumes  of  each  of  these  gases  contain  three  volumes  of  hydrogen. 

They  are  all  possessed  of  peculiar  odours,  that  of  ammonia  being  the 
most  powerful,  and  that  of  arsenietted  hydrogen  the  least. 

Ammonia  is  powerfully  alkaline,  phosphuretted  hydrogen  exhibits 
some  tendency  to  play  an  alkaline  part,  whilst  arsenietted  hydrogen  seems 
devoid  of  alkaline  disposition. 

All  these  are  inflammable,  ammonia  being  the  least  so  of  the  group ; 
and  all  are  decomposed  by  heat,  ammonia  least  easily  and  arsenietted 
hydrogen  most  easily. 

They  are  aU.  producible  from  their  corresponding  oxygen  compounds, 
viz.,  NO3,  PO3,  and  AsOg,  by  the  action  of  nascent  hydrogen  {e.g.,  by 
contact  with  zinc  and  diluted  sulphuric  acid). 

All  three  are  the  prototypes  of  various  organic  bases  which  contain 
some  compound  radical  in  place  of  the  hydrogen,  thus — 

NH3  is  the  prototype  of  triethylamine,  1^(04115)3 
PH3    ,,  „  trietbylphosphine,  '£{C^^^ 

ASH3    „  ,,  triethylarsine,       As(C4H5)3 . 

178.  TercMoride  of  arsenic. — Only  one  compound  of  chlorine  with  arsenic  (ASCI3)  has 
yet  been  obtained ;  the  chloride  corresponding  to  pentachloride  of  phosphorus  remains 

to  be  discovered.*  The  terchloride 
may  be  formed  by  the  direct  union  of 
its  elements,  but  the  simplest  laboratory 
process  for  procuring  it  consists  in  heat- 
^  ing  arsenious  acid  in  dry  chlorine  gas,  in 
p  a  tubulated  retort  (A,  fig.  216),  extem- 
porised from  a  Florence  flask  (see  p. 
95.)  The  arsenious  acid  soon  melts, and 
the  terchloride  of  arsenic  distils  over, 
leaving  a  melted  mass  in  the  flask, 
which  forms  a  brilliantly  transparent 

  glass  on  cooling,  the  composition  of 

which  varies  somewhat  with  the  tem- 
perature  employed,  but  appears  to  be 
essentially  2ASO3 .  AsOg.  The  same 
vitreous  compound  may  be  obtained 
by  fusing  arsenious  and  arsenic  acids 
together.  The  formation  of  the  terchloride  of  arsenic  may  be  represented  by  the 
equation,  llAsOj  +  G\  —  2ASCI3  +  3(2As03  .  AsOg). 

Terchloride  of  arsenic  bears  a  great  general  resemblance  to  terchloride  of  phos- 
phorus; it  is  a  heavy  (sp.  gr.  2-2),  pungent,  fuming  liquid,  decomposed  by  the 
moisture  of  the  air,  its  vapours  depositing  a  white  coating  of  arsenious  acid  upon 
the  objects  in  its  immediate  neighbourhood.  When-  poured  into  water  it  deposits 
arsenious  acid  ;  AsCl^  -f-  3H0  =  ASO3  -I-  3HC1 ;  but  when  dissolved  in  the  smallest 
possible  quantity  of  water,  it  deposits  crystals  of  the  formula  AsOjCl .  2H0. 

When  arsenious  acid  is  dissolved  in  hydrochloric  acid,  terchloride  of  arsenic  is 
formed,  A3O3  +  3HC1  =  ASCI3  3H0,  and  remains  undecomposed  by  the  water  in 
the  presence  of  strong  hydrochloric  acid,  but  if  water  be  added,  arsenious  acid  is 
precipitated.  When  the  solution  of  arsenious  acid  in  hydrochloric  acid  is  distilled, 
the  terchloride  of  arsenic  distils  over,  and  this  is  sometimes  a  convenient  method  of 
separating  arsenic  from  articles  of  food,  &c.,  in  testing  for  that  poison.  When 
heated  in  dry  hydrochloric  acid  gas,  arsenious  acid  yields  a  glassy  compound,  which 
contains  2ASO3  •  AsClOg ;  SAsOg  -1-  HCl  =  2ASO3  .  AsCIOg  +  HO. 

In  composition  by  volume,  the  terchloride  of  arsenic  resembles  terchloride  of 

,  *  Nickles  appears  to  have  succeeded  in  forming  the  pentachloride  by  the  action  of  hydro- 
cmonc  acid  gas  on  arsenic  acid  in  presence  of  ether  ;  he  describes  it  as  very  unstable,  and 
easily  converted  into  the  terchloride. 


Fig.  216. 
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phosphorus,  containing  1  vol.  of  arsenic  vapour,  and  6  vols,  of  ehlorino  condensed 
into  4  vols.,  the  specific  gravity  of  its  vapour  being  6-3. 

Terbromide  of  arsenic  much  resembles  the  terchloride  in  its  chemical  characters, 
but  is  a  solid  crystalline  substance,  easily  fusible. 

179.  Teriodide  of  arsenic  (Aslj)  is  remarkable  for  not  being  decomposed  by  water, 
like  the  corresponding  phosphorus  compound.  When  obtained  by  heating  arsenic 
and  iodine  together,  it  sublimes  in  brick-rod  flakes,  which,  if  prepared  on  a  large  scale, 
hang  in  long  lamina  like  sea-weed.  It  may  be  dissolved  in  boiling  water,  and 
crystallises  out  unchanged.  It  may  even  be  prepared  by  heating  3  parts  of  arsenic 
with  10  of  iodine  and  100  of  water,  when  the  solution  deposits  red  crystals  of  the 
hydrated  teriodide,  from  which  the  water  may  be  expelled  by  a  gentle  heat. 

The  terfluoride  of  arsenic  (AsF,)  resembles  the  terchloride,  but  is  much  more 
volatile.  It  may  be  obtained  by  distilling  4  parts  of  arsenious  acid  with  5  of  fluor- 
spar and  10  of  strong  sulphuric  acid  in  a  leaden  retort  (see  p.  177).  It  does  not 
attack  glass  unless  water  be  present,  which  decomposes  it  into  arsenious  and  hydro- 
fluoric acids. 

180.  Sulphides  of  arsenic— There  are  three  well-known  sulphides  of 
arsenic,  having  the  composition  AsSj,  AsSg,  and  AsS^,  the  two  former 
heing  found  in  natui-e. 

_  Realgar,  or  UmlpMde  of  arsenic  (AsS,),  is  a  beautiful  mineral,  crystal- 
lised in  orange-red  prisms ;  but  the  red  orpiment  used  in  the  arts  is  gene- 
rally prepared  by  heating  a  mixture  of  arsenious  acid  and  sulphur,  when 
sulphurous  acid  escapes,  and  an  opaque  mass  of  realgar  is  left — 

2ASO3    +_    S,    =     2AsS,    +  3SO2. 

Another  process  for  preparing  it  consists  in  distilling  arsenical  pyrites 
with  iron  pyrites — 

FeS,.FeAs      +      2reS,      =      4FeS      +  AsS,. 

Arsenical  pyrites.  Iron  pyrites.  ^"''Son'^  °'  Realgar. 

The  realgar  distils  over,  and  condenses  to  a  red  transparent  solid. 
Realgar  bums  in  air  with  a  blue  flame,  yielding  arsenious  acid  and  sul- 
phurous acid.  If  it  be  thrown  into  melted  saltpetre,  it  burns  with  a 
brilliant  white  flame,  being  converted  into  arseniate  and  sulphate  of 
potash.  This  brilliant  flame  renders  realgar  an  important  ingredient  in 
Indian  fire  and  similar  compositions  for  fire-works  and  signal- Lights.  A 
mixture  of  one  part  of  red  orpiment  with  3 '5  parts  of  subKmed  sulphur 
and  1 4  parts  of  nitre  is  used  for  signal-light  composition. 

Realgar  is  not  easily  attacked  by  acids  ;  nitric  acid,  however,  dissolves  it,  with 
the  aid  of  heat,  forming  arsenic  acid  and  sulphuric  acid,  with  separation  of  part  of 
the  sulphur  in  the  free  state.  Alkalies  (potash,  for  examjjle)  partly  dissolve  it, 
leaving  a  brown  substance,  which  appears  to  be  a  subsulphide  of  arsenic  (As^S). 

Yellolo  orpiment,  or  tersulpliide  of  arsenic  (AsSg),  is  found  native  in 
yellow  prismatic  crystals.  The  paint  known  as  King's  yellow  is  a  mix- 
ture of  tersidphide  of  arsenic  and  arsenious  acid,  prepared  by  subUming  a 
mixture  of  sulphur  with  arsenious  acid — 

S„    +     2ASO3    =     2ASS3    4-  3SO2. 

It  is,  of  course,  veiy  poisonous. 

This  substance,  like  realgar,  is  not  much  affected  by  acids,  excepting  nitric  acid ; 
but  it  dissolves  entirely  in  potash,  forming  arsenite  of  potasli  and  sulpharsenitc  of 
(sulphide  of)  potassium;  6K0  +  2ASS3  =  3KS  .AsS.,  -t-  3K0  .  AsO^.  Ammonia 
also  dissolves  it  easily,  forming  a  colourless  solution  which  is  employed  for  dyeing 
yellow,  sinco  if  a  piece  of  stuff  bo  dipped  into  it  and  exposed  to  air,  the  ammonia 
will  volatilise,  leaving  the  yellow  orpiment  behind. 
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The  formation  of  the  characteristic  yellow  tersulphide  is  turned  to  account  in 

testing  for  arsenic  ;  if  a  solution  prepared  by  boiling  arsenious  acid  with  distilled 
water  be  mixed  with  a  solution  of  hydrosulphuric  acid,  a  bright  yellow  liquid  is 
produced,  which  looks  opaque  by  reflected,  but  transparent  by  transmitted  light, 
and  may  be  passed  through  a  filter  without  leaving  any  solid  matter  behind.  This 
solution  probably  contains  a  soluble  compound  of  tersulphide  of  arsenic  with  hydro- 
sulphuric  acid  (3HS  .  AsS.,) ;  it  is,  however,  very  unstable,  being  decomposed  by 
evaporation,  with  precipitation  of  the  tersulphide.  The  addition  of  a  little  hydro- 
chloric acid  or  of  sal-ammoniac,  and  many  other  neutral  salts,  will  also  cause  a 
separation  of  the  tersulphide  from  this  solution  ;  even  the  addition  of  a  hard  water 
will  have  that  effect.  If  the  solution  of  arsenious  acid  be  acidified  with  hydro- 
chloric acid  before  adding  the  hydrosulphuric  acid,  the  bright  yellow  tersulphide  of 
arsenic  is  precipitated  at  once,  and  may  be  distinguished  from  any  other  similar 
precipitate  by  its  ready  solubility  in  solution  of  carbonate  of  ammonia. 

From  its  combining  readily  with  the  alkaline  sulphides  to  form  soluble  com- 
pounds, the  tersulphide  of  arsenic  is  often  called  sulphm-senious  acid. 

Pentasul'phide  of  arsenic  (AsS,),  or  sulpharsenic  acid,  possesses  far  less  practical  im- 
portance than  the  preceding  sulphides  ;  it  may  be  obtained  by  fusing  the  tersulphide 
with  sulphur,  when  it  forms  an  orange-coloured  glass,  easily  fusible,  and  capable  of 
being  sublimed  without  change.  When  hydrosiilphuric  acid  gas  is  passed  through 
solution  of  arsenic  acid,  a  white  precipitate  of  sulphur  is  first  obtained,  the  hydrogen 
reducing  the  arsenic  acid  to  arsenious  acid  ;  AsOj  +  2HS  =  ASO3  +  2H0  -1-  Sg ; 
and  if  the  passage  of  the  gas  be  continued,  the  arsenious  acid  is  decomposed,  and 
tersulphide  of  arsenic  is  precipitated  ;  these  changes  are  much  accelerated  by  heat. 
But  if  a  solution  of  arseniate  of  soda  be  saturated  with  hydrosulphuric  acid,  it  is 
converted  into  sulpharseniate  of  (sulphide  of)  sodium — 

2NaO.HO.AsOg    +    7HS    =    8H0    +  2NaS.AsS6. 

On  adding  hydrochloric  acid  to  this  solution,  a  bright  yellow  precipitate  of  penta- 
sulphide  of  arsenic  is  obtained — 

2NaS.AsSg    +    2HC1    =    2NaCl    +    2HS    +    AsS^  . 

Pentasulphide  of  arsenic  is  one  of  the  most  powerful  of  the  sulphur  acids  ;  it 
expels  liydrosulphuric  acid  from  its  combinations  with  the  alkaline  sulphides,  and 
is  capable  of  forming  with  these,  sulpho-salts,  containing  respectively  one,  two,  and 
three  equivalents  of  the  alkaline  sulphide,  which  may  be  obtained  by  the  action  of 
hydrosulphuric  acid  upon  the  corresponding  arseniates. 

GENEEAL  EEYIEW  OE  THE  NON-]\IETALLIC  ELE^IENTS. 

181.  At  the  conclusion  of  the  history  of  the  non-metals,  it  may  be 
well  to  call  attention  to  the  points  of  resemblance  which  classify  them 
into  separate  groups  or  families,  most  of  which  are  connected,  by  some 
analogies,  with  one  or  more  members  of  the  class  of  metals. 

Hydrogen  stands  alone  among  the  non-metals,  its  chemical  properties 
and  functions  being  widely  different  from  those  of  any  other  non-metal, 
but  connecting  it  very  closely  with  the  most  highly  electropositive  (or 
lasylous)  metals,  such  as  potassium  and  sodium. 

Oxygen,  Sulphur,  Selenium,  and  Tellurium  compose  a  group,  the  mem- 
bers of  which  (m  the  state  of  vapour)  combine  with  twice  their  volume 
of  hydrogen  to  form  compounds  wliich  (in  the  state  of  yapom-)  occupy 
the  same  volume  as  the  hydrogen  occupied  before  combination.  All  these 
hydrogen  compounds  are  capable  of  playing  a  feebly  acid  part,  and  then- 
hydrogen  may  be  displaced  by  an  equivalent  weight  of  a  metal  to  produce 
compounds  exhibiting  a  general  agreement  m  chemical  properties.  Tliis 
group  is  connected  with  the  metals  through  tellurium,  not  only  by  its 
physical  properties,  but  by  its  forming  an  oxide  (TeOj),  which  occasion- 
ally acts  as  a  weak  base. 
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Nitrogen,  Phosphorus,  and  Arsenic  are  connected  together  by  the  gene- 
i-al  analogy  of  their  hydrogen  and  oxygen  compounds,  the  two  last  mem- 
bers of  the  group  being  far  more  closely  connected  with  each  other  than 
with  nitrogen.  With  the  metals,  they  are  connected  through  arsenic,  the 
hydrogen  compound  of  which  is  very  similar  in  properties,  and  probably  in 
composition,  to  antimonietted  hydrogen  ;  arsenious  acid  (AsOj)  is  also  cap- 
able of  occupying  the  place  of  teroxide  of  antimony  (SbOg)  in  certain  salts 
of  that  oxide ;  and  the  sulphides  of  antimony  correspond  in  composition,  and 
in  some  of  their  properties,  to  those  of  arsenic.  One  form  of  arsenious 
acid  (the  prismatic)  is  isomorphous  Avith  native  oxide  of  antimony,  and 
this  oxide  may  be  obtained  in  octahedra,  the  ordinary  form  of  arsenious 
acid,  so  that  these  oxides  are  isoclimorjjhous. 

These  elements  are  also  connected  with  the  oxygen  group  through 
sulphur,  selenium,  and  tellimum,  the  relations  of  which  to  hydrogen  and 
the  metals  are  sdmewhat  similar  to  those  of  phosphorus  and  arsenic. 

Carl)on,  Boron,  and  Silicon  resemble  each  other  in  their  allotropic 
forms,  their  resistance  to  fusion  and  volatilisation,  and  their  forming 
feeble  acids  with  oxygen.  To  the  metals  they  are  allied  through  silicon, 
which  resembles  tin  in  the  composition  and  character  of  its  oxide  and 
chloride. 

This  group  is  connected  with  the  nitrogen  group  through  boron,  for 
boracic  acid  resembles  arsenious  acid  in  its  tribasic  character,  and  its 
forming  vitreous  compounds  with  the  aUialies.  In  certain  compounds 
boracic  and  arsenious  acids  are  interchangeable. 

Chlorine,  Bromine,  Iodine,  and  Fluorine  are  intimately  connected  by 
numerous  analogies,  which  have  been  already  pointed  out  (p.  182).  Some 
of  the  properties  of  iodine,  as  its  relations  to  oxygen,  and  the  solubility 
of  its  terchloride  in  water,  connect  it  slightly  with  the  metals,  whilst  the 
general  correspondence  in  composition  between  the  chlorides  and  the 
oxides,  allies  this  group  to  the  oxygen  group  of  non-metallic  elements. 

If  the  non-metals  be  classified  according  to  their  atomicities  (see  p.  151), 
it  will  be  found  that,  with  only  few  exceptions,  the  classification  will 
coincide  with  that  founded  upon  their  chemical  analogies  in  other  respects. 
Thus,  the  members  of  the  oxygen  group  are  all  diatomic,  or  capable  of 
combining  with  two  atoms  of  hydrogen,  as  shown  by  the  molecular  for- 
multe  of  their  hydrogen  compounds,  H„0,  H^S,  HjSe,  H^Te.  The 
nitrogen  group  is  generally  represented  as  triatomic  (though,  from  our 
present  knowledge  of  the  vapour  densities  of  phosphorus  and  arsenic, 
these  elements  are  strictly  hexatomic),  their  hydrogen  compomids  being 
PII3,  and  AsHg.  Boron  is  also  a  triatomic  element,  for,  in  BClg, 
the  boron  occupies  the  place  of  three  atoms  of  hydrogen. 

Carbon  and  silicon,  however,  are  tetratomic  elements,  as  shown  in 
marsh-gas,  OH^,  and  in  chloride  of  silicon,  9iCl4. 

Chlorine,  bromine,  iodine,  and  fluorine  are'  monatomic,  their  hydrogen 
compoimds  having  the  molecular  formulae,  HCl,  HBr,  HI,  and  HF. 

The  atomicity  of  an  element  is  sometimes  expressed  in  a  formula  by  a 
dash,  or  dashes,  placed  above  and  to  the  right  of  the  element ;  thus  the 
symbols,  CI',  0",  N'",  indicate  the  respective  atomicities  of  those 
elements.  "When  the  atomicity  of  an  clement  is  taken  into  account,  it 
helps  to  explain  the  constitution  of  compounds  which  would  otherwise 
appear  quite  anomalous.  For  example,  there  is  a  compound  of  the  mole- 
cular formula,  N,lIj.,P,  obtained  by  the  action  of  terchloride  of  phos- 
phorus upon  ammonia  ;  rccollectuig  the  triatomic  character  of  pliosplwrus, 
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we  perceive  tliis  compound  to  represent  three  molecules  of  ammonia 
(J^TgHg),  in  which  phosphorus  is  the  substitute  for  three  atoms  of  hydro- 
gen, which  is  at  once  expressed  if  the  formula  be  written,  N3H5P'". 
Again,  chlorocarbonic  acid,  6OCI2,  appears  an  inexplicable  association  of 
elements,  until  the  tetratomic  character  of  carbon  and  diatomic  character 
of  oxygen  are  taken  into  account,  as  in  the  formula  0""0"Cr2,  when  it 
appears  that  the  diatomic  oxygen  and  the  two  atoms  of  monatomic 
chlorine  are  the  substitutes  for  four  atoms  of  hydrogen  ui  marsh-gas, 
OH^,  and  it  might  plausibly  be  given  as  a  reason  why  the  apparently  in- 
different carbonic  oxide  should  combine  with  chlorine,  that  the  atomicity 
of  the  carbon  is  only  partly  satisfied  in  carbonic  oxide,  which  contains 
only  oxygen  equal  ia  value  to  two  atoms  of  hydrogen,  the  tetratomic 
carbon  requiring  the  value  of  two  more  atoms  of  hydrogen  to  complete 
the  compound  atom.    In  carbonic  acid,  the  two  atoms  of  dia- 

tomic oxygen  fully  complete  the  compound. 

In  a  similar  manner  the  absorption  of  carbonic  oxide  by  subchloride  of 
copper  may  be  explained ;  for  the  atomic  formula  of  that  salt  is  Gu'Cl', 
and  hence  it  is  capable  of  supplying  the  two  absent  atoms  in  G""0". 

Many  more  examples  of  the  same  kind  might  be  gathered  from  the 
preceding  pages,  but  these  will  probably  be  sufiicient  to  mark  the  import- 
ance of  remembering  the  atomicities  of  the  elements  in  speculative  che- 
mistry ;  indeed,  without  this  clue  it  is  impossible  to  find  any  meaning 
whatever  in  a  very  large  number  of  the  formulae  of  organic  substances, 
whilst  with  it,  not  only  their  constitution,  but  in  many  cases  their  mode 
of  formation,  becomes  as  intelligible  as  that  of  the  simplest  mineral  com- 
pounds. 

CONSTITUTION  OF  SALTS. 

182.  The  term  sali,  like  acid  and  alkali,  was,  of  course,  purely  em- 
pirical in  its  origm,  being  conferred  upon  every  solid  substance  which 
exhibited  any  of  the  prominent  characters  of  sea-salt  (sal,  hrine,  croAos,  tlie 
sea),  such  as  solubility  in  water  and  tendency  to  crystallisation. 

When  the  great  mass  of  chemical  facts  accumidated  by  the  alchemists, 
metallurgists,  and  apothecaries,  came  to  be  classified,  and  the  distinction 
between  acids  and  bases  was  recognised,  the  term  salt  was  extended  to  all 
those  substances,  such  as  muriate  of  soda,  nitrate  of  potash,  carbonate  of 
lime,  &c.,  from  which  a  base  and  an  acid  could  be  obtained,  withoiit  re- 
gard to  their  solubiUty  or  tendency  to  crystallise.  When  the  analytical 
powers  of  the  chemist  were  more  fully  developed,  it  was  found  that 
muriate  of  soda  and  a  large  class  of  similar  salts  did  not  contain  an  acid 
and  a  base,  but  that  these  substances  were  produced  and  not  educed  trom 
the  salts  by  the  chemical  operations  to  which  they  were  subjected.  Thus 
m\iriate  of  soda,  from  which'muriatic  acid  had  been  so  easily 2^'>'odticed  by 
the  action  of  sulphuric  acid,  was  sho'wn  to  contam  only  sodium  and 
chlorine. 

This  led  to  a  classification  of  salts  into  haloid  salts  (oAs,  the  sea),  or 
those  composed,  like  cliloride  of  sodium,  of  a  metal  combined  with  a  salt- 
radical  or  halogen,  and  oxij-acid  salts,  or  those  composed  of  a  metallic 
oxide  combined  Avith  an  oxygen  acid.  (It  wdU  have  been  remarked  that 
the  tendency  of  modern  chemistry  is  to  represent  this  second  class  of  salts 
by  formuUxj  which  do  not  admit  the  existence  of  the  metal  as  an  oxide  in 
the  salt.) 


NEUTRAL  AND  NORMAL  SALTS. 


253 


Indepeiideutly  of  all  differences  of  opinion  with  respect  to  the  actual 
constitution  of  salts,  the  criterion  by  which  the  claims  of  a  substance  to 
this  title  can  be  estimated  is  this :  a  salt  is  a  compound  ivliich  may  he 
formed  by  the  action  of  an  acid  upon  a  base,  water,  which  is  a  very  general 
result  of  such  action,  being  excepted. 

The  oxy-acid  salts  soon  came  to  be  divided  into  neutral  and  acid  salts, 
according  to  their  effect  upon  vegetable  colours  and  the  organ  of  taste, 
and  a  class  of  basic  salts  was  afterwards  added  when  it  was  found  that  a 
neutral  soluble  salt  sometimes  became  insoluble  by  combining  with  an 
additional  quantity  of  base. 

Further  investigation  has  shown  that  the  neutral  taste  of  a  salt,  and  its 
neutrality  to  test-papers,  depend  less  upon  the  proportions  of  the  acid  and 
base  which  are  contained  in  it,  than  upon  the  chemical  energy  of  these 
substances. 

Thus,  potash  combined  with  1  eq.  of  sulphuric  acid  forms  a  salt  which 
is  perfectly  neutral  to  taste  and  to  litmus-papers,  whUst  with  1  eq.  of 
carbonic  acid  it  forms  a  strongly  alkahne  salt;  and  1  eq.  of  sulphuric 
acid  combined  with  1  eq.  of  oxide  of  zi.nc  forms  a  salt  which  is  strongly 
acid  to  test-papers. 

A  salt  may,  therefore,  be  neutral  in  chemical  constitution,  and  acid  or 
alkaline  in  reaction  to  test-papers,  and  it  has  been  proposed  to  employ  the 
term  noimal  to  designate  those  salts  which  are  neutral  in  chemical  con- 
stitution, and  to  restrict  the  term  neutral  to  those  salts  which  are  neither 
acid  nor  alkaline  to  test-papers.  Thus,  sulphate  of  potash  would  be  both 
a  neutral  and  a  normal  salt,  whilst  sulphate  of  zinc  and  carbonate  of 
potash  are  normal,  but  not  neutral  salts. 

A  normal  salt  is  one  in  which  the  oxygen  contained  in  the  base  bears 
a  certain  proportion  to  the  oxygen  contained  in  the  acid,  this  proportion 
being  fixed  for  each  acid. 

Thus,  a  normal  carbonate  is  one  in  which  the  oxygen  of  the  base  bears 
to  the  oxygen  of  the  acid  the  ratio  of  1  :  2,  as  in  normal  carbonate  of 
potash,  KO .  CO,. 

A  normal  sulphate  is  one  in  which  the  oxygen  of  the  base  bears  to  the 
oxygen  of  the  acid  the  ratio  of  1:3,  as  in  normal  sulphate  of  zinc 
ZnO.SOj. 

To  form  a  normal  salt  with  a  sesquioxide,  3  eqs.  of  sulphuric  acid  are 
required.  Thus  the  sulphate  of  alumina,  AlPa .  SSO^,  although  powerfully 
acid  to  test-papers,  is  a  normal  sulphate,  for  the  oxygen  of  the  base  bears 
to  the  oxygen  of  the  acid  the  ratio  of  1  :  3. 

An  acid  salt  is  one  in  which  the  oxygen  m  the  acid  is  in  greater  proportion 
than  in  the  normal  ratio.  Thus  bicarbonate  of  potash,  KO .  HO .  200^, 
is  acid  in  chemical  constitution,  though  alkalinO  to  test-papers,  for  the 
oxygen  of  the  base  is  to  the  oxygen  of  the  acid  as  1  :  4,  whUst  the  normal 
ratio  for  carbonates  is  1  :  2.  Acid  salts  usually  have  the  deficiency  of 
base  supplied  by  water,  but  not  invariably,  as  in  fused  borax,  NaO .  2BO3, 
bichromate  of  potash,  KO  .  2CrO.„  dried  bisulphate  of  soda,  NaO  .  2SO3. 

A  basic  salt  is  one  in  which  the  oxygen  in  the  base  is  in  greater  propor- 
tion than  in  the  normal  ratio.  Thus,  white  lead,  2(PbO  .  CO2),  PbO .  HO, 
is  a  basic  carbonate,  for  the  oxygen  of  the  base  is  to  the  oxygen  of  the 
acid  as  3  :  4,  whereas  the  normal  ratio  is  2  :  4  or  1  :  2. 

Ahiminite,  Alp., .  SO,  +  9H0,  is  a  basic  salt,  for  the  oxygen  in 
the  base  is  to  the  oxygen  in  the  acid  as  3  :  3,  Avhilst  the  normal  ratio  is 
1  :  3. 
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The  following  are  the  normal  ratios  for  some  of  the  most  important 
classes  of  salts  : — 


Salts. 

Normal  Eatio. 

Examples. 

Carbonates,  . 

1 
1 

9 

is  au  .  \j\J2 

Oarbonate  01  soda. 

Borates, 

Q 
O 

O  ; 

Borate  of  magnesis. 

Silicates, 

9 

9 

^j?  ev  .  01U2 

E  orge  cinder. 

Nitrates, 

1 

5 

KO  .  NO5 

Saltpetre. 

Chlorates, 

1 

5 

KO  .  CIO 

Chlorate  of  potash. 

Sulphites, 

1 

2 

NaO  .  SO3 

Sulphite  of  soda. 

Sulphates, 

1 

3 

CaO  .  SO3 

Sulphate  of  lime. 

IVifcJLclUliUO^lICLUCOj     •  • 

1 

5 

NaO  .  PC, 

Metaphosphate  of  soda. 

Pyrophosphates,  . 

2 

6 

2NaO.P6, 

Pyrophosphate  of  soda. 

Orthophosphates  . 

3 

.  5 

3CaO  .  PO,' 

Bone  phosphate  of  lime. 

Arsenites, 

8 

.  3? 

3AgO  .  ASO3 

Arsenite  of  silver. 

Arseniates,  . 

3 

5 

3CoO  .  AsOs 

Cobalt  bloom. 

Chromates,  . 

.  1 

.  3 

KO  .  CrO, 

Chromate  of  potash. 

Permanganates,  . 

1 

:  7 

KO  .  Mn^O, 

Permanganate  of  potash. 

In  order  to  explain  the  above  results  obtained  by  the  actual  analysis  of 
salts,  it  may  be  supposed  that  the  salts  are  formed  upon  the  type  of  the 
hydrated  acid,  and  that  a  normal  salt  is  one  in  which  the  water  in  the 
hydrated  acid  is  displaced  by  an  equivalent  quantity  of  base ;  thus,  the 
sulj)hates  are  formed  upon  the  type  of  oil  of  vitriol,  HO  .  SO,,  and  the  HO 
must  be  displaced  by  KO  to  form  the  normal  sulphate  of  potash ;  but 
when  alumina  (Al^Oj)  is  employed  to  displace  the  water,  one-third  of  the 
quantity  represented  by  that  formula  would  be  equivalent  to  the  HO  (for 
AI2  is  equivalent  to  H3),  and  therefore  the  normal  sidphate  of  alumina 
would  be  \  (AI2O3) .  SO3,  or  avoiding  the  fraction,  AI2O3 .  3SO3. 

Binary  theory  of  the  constitution  of  salts. — The  circumstance  that  it  is 
only  the  hydrogen  of  the  hydrated  acid  that  is  displaced  by  the  metal, 
has  given  rise  to  the  binary  theory  of  salts,  according  to  which  all  acids 
and  salts  are  constituted  after  the  type  of  hydrochloric  acid  and  chloride 
of  sodium ;  the  acid  being  composed  of  hydrogen  combined  with  a  com- 
pound salt-radical  made  up  of  the  other  elements  present  in  the  acid. 
Thus,  sulphuric  acid  (HO .  SO3)  Avould  become  H,SO^  nitric  acid, 
HjNOj ;  metaphosphoric  acid,  H,PO(, ;  pyrophosphoric,  H,,,PO. ;  tri- 
basic  phosphoric,  H3,P0g,  and  their  normal  salts  are  formed  by  the  sub- 
stitution of  an  equivalent  quantity  of  a  metal  for  the  hydrogen  ;  neu- 
tral sulphate  of  potassium  would  be  K,  SO^ ;  pyrophosphate  of  sodium, 
Na^,  POy ;  triphosphate  of  calcium,  Gag,  P0„.  The  acid  salts  would  be 
those  in  which  only  part  of  the  hydrogen  is  displaced  by  a  metal ;  bisul- 
phate  of  potassium  would  become  K,  H,'  2S0^,  acid  pyrophosphate  of 
sodium,  Na,  H,  PO7.  Double  salts  would  be  those  in  which  the  hydi-ogen 
is  displaced  by  different  metals  ;  thus,  alum  (KO  .  SO3,  Aip, .  SSOg) 
would  become  K,  Al.„  4S0^ ;  acid  phosphate  of  potassium  and  sodium 
(KO,  NaO,  HO,  PO')  K,  Na,  H,  PO,.  The  serious  objection  to  this 
view,,  that  it  overlooks  radicals  now  existing  (as  SO.,,  PO5,  CO,),  and 
substitutes  others  wliich  are  not  known  to  exist  (as  SO^,  POg,  CO3)  has 
been  already  pointed  out. 

Water-type  theory  of  the  constitution  of  salts. — Another  ingenious 
theory  of  the  constitution  of  salts  is  that  known  as  the  'water-type  theory, 
according  to  which  all  oxygen  acids  are  fashioned  after  the  type  of  Avater, 
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by  the  displacement  of  its  hydrogen  by  a  compound  radical,  such  displace- 
ment being  total  in  the  anhydrous  acids,  and  partial  in  the  hydrated  acids. 
To  render  it  possible  to  show  the  partial  displacement  of  the  hydrogen, 

the  molecular  formula  for  water,  H^O  or-pj-  I B,  must  be  employed.  Then, 

a  monobasic  acid  is  formed  upon  the  type  of  one  molecule  of  water,  by 
the  displacement  of  one  atom  of  hydrogen  to  form  the  (hydrated)  acid,  and 
of  both  atoms  to  form  the  (anhydrous  acid  or)  anhydride.    Thus  nitric 

acid  (HO.NOj)  would  be  written -j^^  |0,  and  Jiitric  anhydnde  (NOj^) 
would  become        1  O  ;  and  nitrate  of  potassium  (KO  .  NO.)  would 

be^0  I  ©,  and  a  glance  at  these  formulse  shows  why  a  monobasic  acid 

like  nitric  acid  does  not  form  either  acid  salts  or  double  salts,  because  it 
contains  only  one  atom  of  hydrogen,  and  therefore  can  only  form  a  single 
salt  with  each  metal  by  displacement  of  that  hydrogen.  This  view  does 
not  ignore  the  existence  of  the  anhydrous  nitric  acid,  and  assumes,  as  the 
radical  of  the  acid,  the  substance  NO^,  which  has  the  composition  of  nitric 
peroxide.  The  formation  of  nitric  acid  by  the  action  of  water  upon  nitric 
anhydride  would  be  thus  expressed — 

In  a  similar  manner,  phosphoric  anhydride  (PO^)  would  be  represented 
by  p^-'  I O,  metaphosphoric  acid  (HO .  POJ  l^yp^  \  ^,  and  the  meta- 

phosphate  of  sodium  by  p^  |  0.    In  this  case,  however,  the  radical  PO^ 

is,  so  far  as  we  know,  imaginary. 

A  bibasic  acid  is  one  which  is  composed  after  the  type  of  a  double 
H  ) 

molecule  of  water,  -g--  \  0^  and  therefore  contains  two  atoms  of  hydro- 
gen which  may  be  displaced  either  entirely  by  a  metal,  yielding  a  normal 
salt,  or  partly  by  a  metal,  yielding  an  acid  salt,  or  by  two  metals,  yielding 
a  double  salt.     For  example,   sulphuric  acid    (HO .  SO3)   would  be 

^0 '/  I  ^2>  or  two  molecules  of  water,  in  which  two  atoms  of  hydrogen 
are  displaced  by  the  diatomic  radical  SO, ;  normal  sulphate  of  potassium 
^0  //  I      a^cid  sulphate  of  potassium  (bisulphate  of  potash)  | 

410  //  \ 

and  sulphuric  anhydride,  g^^,  >  02- 

Here  again  the  radical  SO^  has  the  same  composition  as  sulphurous 
acid,  which  might  well  be  accepted  as  the  radical  of  sidphuric  acid. 

00"  ) 

Again,  carbonic  anhydride  would  be  |  0o,  the  imaguiary  carbonic 
acid,  I  0j,  carbonate  of  potassium,  ^„  1 0,,,  acid  carbonate  of  potas- 
sium,       1 0.,  carbonate  of  potassium  and  sodium,  ^Qif  j-  0.,. 
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The  radical  of  carbonic  acid,  therefore  wou].d  have  the  same  com- 

position as  carbonic  oxide,  which  is  seen  to  have  a  diatomic  character  ia 
its  compound  with  chlorine,  B^'Vl^,  where  it  occupies  the  place  of  two 
atoms  of  hydrogen. 

In  applying  this  view  to  pyrophosphoric  acid  (2H0 .  P05= HzPOj),  somer 
difficulty  arises  because  its  molecular  formula  cannot  be  written  on  the 
type  of  two  molecules  of  water  (H^O^)  on  account  of  the  iadivisibility  of 
the  O7  iuto  two  whole  numbers ;  it  is  therefore  necessary  to  take  four 
molecules  of  water  as  the  type,  when  we  have — 

Type,  I  ^i,  pyrophosphoric  acid,  y„,^  O^,  pyrophosphate  of 
sodium,  ^p^^  y„,  I O4,  acid  pyrophosphate  of  sodium,  ^^'^yw  |  % 

Here  the  iacreased  complexity  of  the  formulae  appears  objectionable. 

A  few  salts  are  known  in  whicli  two  acids  are  combined  with  the  same  base,  such 
as  the  acetonitrate  of  baryta  (BaO  .  NO-,  BaO  .  C4H3O3),  composed  of  nitrate  and 
acetate  of  baryta. 

It  is  obvious  that  the  same  reasoning  which  leads  to  the  conclusion  that  an  acid 
capable  of  forming  a  double  salt  with  two  different  bases  is  dibasic,  or  contains  a 
diatomic  acid  radical,  would  also  support  the  inference  that  a  base  capable  of  form- 
ing a  double  salt  with  two  different  acids  is  di-acid,  or  contains  a  diatomic  basic 
radical.  Hence  the  existence  of  the  above  acetonitrate  of  baryta  countenances  the 
belief  that  barium  is  a  diatomic  metal.    The  formula  of  the  salt  would  then  be 

Ba"  1 

written,  on  the  type  of  two  molecules  of  water,  thus — (GjHgO)'  lo^, 

(N02)'J 

A  tribasic  acid  is  formed  upon  the  type  of  a  treble  molecule  of  water, 
thus — 

Type,  ^  1 63,  tribasic  phosphoric  acid,  |  ^3?    triphosphate  of 

sodium,  p^//  1^3,  common  phosphate  of  sodium,  pQ./?  |^35  microcos- 
mic  salt  (phosphate  of  sodium  and  ammonium),  ^  1 0^. 

But  in  this  case  also  an  unknown  radical,  P0,  is  assumed. 

Many  chemists  now  represent  the  acids  and  salts  by  their  molecular 
formulaj,  without  iusisting  upon  their  containing  any  definite  compound 
radical,  or  being  composed  upon  any  particular  type.  Thus  nitric  acid  is 
witten  without  expressiag  an  opinion  as  to  the  existence  of 

as  an  actual  entity. 

The  following  definitions  are  relied  upon  by  those  who  adopt  this 
course : — 

An  acid  is  a  compound  containing  hydrogen,  the  whole  or  part  of 
which  is  displaceable  by  a  metal. 

A  salt  is  a  compound  derived  from  an  acid  by  the  displacement  of  its 
hydrogen  by  a  metal. 

A  monohasic  acid  contains  but  one  atom  of  displaceable  hydrogen,  and 
therefore  can  only  form  one  series  of  salts. 

A  dibasic  acid  contains  two  atoms  of  displaceable  hydrogen,  and  there- 
fore can  form  two  series  of  salts  (normal  and  acid  salts). 

A  tribasic  acid  contains  three  atoms  of  displaceable  hydrogen,  and 
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therefore  can  form  three  series  of  salts  (normal  salts,  and  two  series  of 
acid  Scilts). 

A  normal  salt  is  one  in  which  the  whole  of  the  displaceable  hydrogen 
has  been  displaced  by  a  metal. 

An  acid  salt  is  one  in  which  only  pai't  of  the  displaceable  hydrogen 
has  been  displaced  by  a  metal. 

A  double  salt  is  one  in  which  the  displaceable  hydrogen  has  been  dis- 
placed by  different  metals. 

A  iasie  salt  is  a  combination  of  a  salt  with  a  basic  oxide. 

A  few  examples  may  be  collected  here  to  illustrate  these  definitions  : — 


Monobasic  Acids  and  Salts. 


Nitric  acid, 

Nitrate  of  potassium,  . 
Metaphosphoric  acid,  . 
Metaphosphate  of  sodium, 
Hypophosphorous  acid, 
Hypophosphite  of  sodium, 


Dibasic  Acids  and  Salts. 


Sulphuric  acid. 

Normal  sulphate  of  potassium. 
Acid  „   _  „ 

Phosphorous  acid, 
Normal  phosphite  of  sodium, 
Acid  phosphite  of  barium. 


HNOa 
KNe^ 

NaP03 

HPH,0, 

NaPH.,4., 


H2S04 

H^PHOg 

Na,PH0, 

BaHPHO, 


Tribasic  Acids  and  Salts. 

Orthophosphoric  acid. 
Normal  orthophosphate  of  sodium, 
Monacid  orthophosphate  (or  common  phosphate), 
Diacid  orthophosphate, 
Microcosmic  salt, 
Arsenic  acid,  . 
Normal  arseniate  of  sodium, 
Monacid  arseniate  ,, 
Diacid  arseniate 


HsPe, 

Na^Pe^ 

Na^HPe, 

NaH^PO^ 

Na(NHJHPO, 

HjAse, 

Na,Ase, 

Na,HAse, 

NaH,As©, 


To  this  view  of  the  constitution  of  acids  and  salts,  it  may  be  objected 
that  it  presupposes  the  existence  of  a  hydrogen  compound  corresponding 
in  composition  to  the  normal  salt.  Thus  the  carbonates  would  be  derived 
from  an  imaginary  carbonic  acid  of  the  formula  H^OO^ ;  tlie  arsenites 
from  an  imaginary  arsenious  acid,  HjAsOg,  &c.  It  must,  however,  be 
acknowledged  that  no  theory  of  the '  constitution  of  acids  and  salts  has 
yet  been  advanced  which  is  thoroughly  supported  on  aU  sides  by  experi- 
mental evidence. 

From  what  has  been  stated  above,  it  will  have  been  seen  that  an 
examination  of  the  acid  itself  is  by  no  means  necessary  in  order  to  ascer- 
tain what  its  basiciMi  is.  If  only  one  series  of  its  salts  can  be  discovered, 
it  is  a  monobasic  acid.  If  a  normal  and  an  acid  salt  (or  a  double  salt) 
can  be  obtained,  the  acid  is  dibasic.  When,  beside  the  normal  salt,  there 
are  two  .series  of  acid  salts,  the  acid  is  tribasic. 


CHEMISTRY  OF  THE  METALS. 


183.  The  general  principles  of  chemistry  having  been  explained  and 
illustrated  in  the  history  of  the  non-metallic  elements,  the  chemistry  of 
the  metals  wiU  be  discussed  with  less  attention  to  details,  Avhich, 
however  interesting  in  a  strictly  chemical  sense,  are  not,  at  present,  of 
immediate  practical  importance. 

The  definition  of  a  metal  has  been  already  given  at  p.  11,  as  aw  element 
capable  of  forming  a  base  by  union  with  oxygen. 

POTASSIUM. 

The  indispensable  alkali,  potash,  appears  to  have  been  originally  derived 
from  the  granitic  rocks,  where  it  exists  in  combination  with  silicic  acid 
and  alumina,  in  the  well-laiown  minerals,  feldspar  and  mica.  These  rocks 
having,  in  course  of  time,  disintegrated  to  form  soils  for  the  support  of 
plants,  the  potash  has  been  converted  into  a  soluble  state,  and  has  passed 
into  the  plants  as  a  necessary  portion  of  their  food. 

In  the  plant,  the  potash  is  found  to  have  entered  into  various  forms  of 
combination ;  thus,  most  plants  contain  sulphate  of  potash  and  chloride 
of  potassium ;  but  the  greater  portion  of  the  potash  exists  in  combination 
with  certain  vegetable  acids  formed  in  the  plant,  and  when  the  latter  is 
burnt,  the  salts  of  potash  with  the  vegetable  acids  are  decomposed  by 
the  heat,  leaving  the  potash  in  combination  with  carbonic  acid,  forming 
carbonate  of  potash  (KO .  COg). 

Carbonate  of  potash. — When  the  ashes  of  plants  are  treated  with  water, 
the  salts  of  potash  are  dissolved,  those  of  lime  and  magnesia  being  left. 
On  separating  the  aqueous  solution  and  evaporating  it  to  a  certain  point, 
a  great  deal  of  the  sulphate  of  potash,  being  much  less  soluble,  is  deposited, 
and  the  carbonate  of  potash  remains  in  the  solution ;  this  is  evaporated  to 
dryness,  when  the  carbonate  of  potash  is  left,  mixed  -with  much  chloride 
of  potassium,  and  some  sulphate  of  potash  ;  this  mixture  constitutes  the 
substances  imported  from  America  and  other  countries  where  wood  is 
abundant,  under  the  name  oi  potashes,  which  are  much  in  demand  for  the 
manufacture  of  soap  and  glass.  When  further  purified,  these  are  sold 
imder  the  name  oipearlash,  but  this  is  stiU  far  from  being  pure  carbonate 
of  potash. 

During  the  fermentation  of  the  grape-juice,  in  the  preparation  of  wine, 
a  hard  crystalline  substance  is  deposited,  which  is  known  in  commerce  by 
the  name  of  argol,  or  when  purified,  as  cream  of  tartar.    The  chemical 
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name  of  this  salt  is  bitartrate  of  potash,  for  it  is  derived  from  potash  and 
tartaric  acid,  a  vegetable  acid  having  the  composition  2H0  .  CgH^Oj^. 
Wlieu  this  salt  (KO .  HO .  CgHjO,^)  is  heated,  the  tartaric  acid  is  decom- 
posed into  a  variety  of  products,  among  which  are  found  carbonic  acid, 
which  remains  in  combination  with  the  potash,  and  carbon,  which  is 
left  mixed  with  the  carbonate  of  potash ;  but  if  the  heat  be  continued, 
and  free  access  of  air  permitted,  the  carbon  will  be  entirely  burnt  away, 
and  carbonate  of  potash  will  be  left  {salt  of  tartar). 

In  wine-producing  countries,  carbonate  of  potash  is  prepared  from  the 
refuse  yeast  which  rises  during  the  fermentation,  and  is  dried  in  the  sun 
in  order  to  be  subsequently  incinerated. 

The  fleeces  of  sheep  contain  a  considerable  proportion  of  potash  com- 
bined with  an  animal  acid  ;  when  the  fleece  is  washed  with  water,  the 
salt  of  potash  is  dissolved  out,  and  on  evaporating  the  liquid  and  burning 

•  the  residue,  it  is  converted  into  carbonate  of  potash. 

Hydrate  of  potash. — Carbonate  of  potash  was  formerly  called  potash, 

;  and  was  supposed  to  be  an  elementary  substance.  It  was  known  that  its 
alkahne  qualities  were  rendered  far  more  powerful  by  treating  it  with 
lime,  which  caused  it  to  be  termed  mild  alkali,  in  order  to  distiaguish  it 
from  the  caustic  *  alkali  obtained  by  means  of  lime,  and  possessed  of  very 
powerfid  corrosive  properties.    Lime,  it  was  said,  is  derived  from  lime- 

:  stone  by  the  action  of  fire,  and  therefore  owes  its  peculiar  properties  to 

!  the  acquisition  of  a  certain  amount  of  the  matter  of  fire,  which,  in  turn,  it 
imparts  to  the  mild  alkali,  and  thus  confers  upon  it  a  caustic  or  burning 

i  power. 

Black's  researches  in  the  middle  of  the  eighteenth  century,  which  are 
often  referred  to  as  models  of  inductive  reasoning,  exposed  the  fallacy  of 
!  this  explanation,  and  proved  that  instead  of  acquiring  anything  from  the 
t  fire,  the  limestone  actually  lost  carbonic  acid,  and  instead  of  imparting 
anything  to  the  mild  alkali,  the  lime  reaUy  gained  as  much  carbonic  acid 
as  it  had  previously  lost. 

The  caustic  potash,  so  largely  employed  by  the  soap-maker,  is  obtained 
by  adding  slaked  lime  to  a  boiling  diluted  solution  of  the  carbonate 
of  potash,  when  the  water  of  the  hydrate  of  lime  is  exchanged  for  the 
carbonic  acid,  and  the  carbonate  of  lime  is  deposited  at  the  bottom  of  the  ^ 
vessel,  whilst  hydrate  of  potash,  remains  in  the  clear  solution — 

KO .  CO,      +    CaO .  HO    =    CaO .  CO,    +    KO .  HO  . 

Carbonate  of  potash.        Hydrate  of  lime.         Carbonate  of  lime.       Hydrate  of  potash. 

If  the  solution  of  carbonate  of  potash  be  too  strong,  the  lime  wiU  not 
remove  the  whole  of  the  carbonic  acid. 

When  the  solution  is  evaporated,  the  hydrate  of  potash  remains  as  a 
clear  oily  liquid,  which  solidifies  to  a  white  mass  as  it  cools,  and  forms 
the  fused  potash  of  commerce,  which  is  often  cast  into  cylindrical  sticks 
for  more  convenient  use.t  The  hydrate  of  potash  is  the  most  powerful 
alkaline  substance  in  ordinary  use,  and  is  very  frequently  employed  by  the 
chemist  on  account  of  its  energetic  attraction  for  the  difl'erent  acids.  It 
is  generally  used  in  the  state  of  solution,  the  strength  of  which  is  inferred 
from  its  specific  gravity,  this  being  higher  in  proportion  to  the  amount  of 
potash  contained  in  the  solution. 

*  From  Kitiu),  to  hum. 

t  The.se  have  somctimPH  .1  greeni.sh  colour,  due  to  the  preseiire  of  some  maiiganate  of 
potash. 
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Potassium.— Oi  the  composition  of  hydrate  of  potash  nothing  was  known 
till  the  year  1807,  when  Davy  succeeded  in  decomposing  it  by  the  gal- 
vanic battery ;  this  experiment,  wliich  deserves  particular  notice,  as  bemg 
the  first  of  a  series  resulting  in  the  discovery  of  so  many  important  metals, 
was  made  in  the  following  manner  :— A  fragment  of  hydrate  of  potash, 
which  in  its  dry  state,  does  not  conduct  electricity,  was  aUowed  to  become 
slightly  moist  by  exposure  to  the  air,  and  placed  upon  a  plate  of  platmum 
attached  to  the  positive  (copper)  end  of  a  very  powerful  galvanic  battery; 
when  the  wire  connected  with  the  negative  (zinc)  end  was  made  to  touch 
the  surface  of  the  hydrate  of  potash,  some  small  metallic  globules  resem- 
blint^  mercury  made  their  appearance  at  the  extremity  of  this  (negative) 
wire°  at  wliich  the  hydrogen  contained  ia  the  hydrate  of  potash  was  also 
eliminated,  whilst  bubbles  of  oxygen  were  separated  on  the  surface  of  the 
plattuum  plate  connected  with  the  positive  wire  (see  p.  21).  By  allow- 
in'^  the  negative  wire  to  dip  into  a  little  mercury  contained  in  a  cavity 
upon  the  surface  of  the  potash,  a  combination  of  potassium  with  mercury 
was  obtained,  and  the  mercury  was  afterwards  separated  by  distillation. 
This  process,  however,  furnished  the  metal  in  very  small  quantities,  and, 

though  it  was  obtained  with 
greater  facility  a  year  or  two 
afterwards  by  decomposing 
hydrate  of  potash  with 
white-hot  iron,  some  years 
elapsed  before  any  consider- 
able quantity  of  potassium 
was  prepared  by  the  present 
method  of  distilling  in  an 
iron  retort  an  ultimate 
mixture  of  carbonate  of  pot- 
ash and  carbon,  obtained 
by  calcining  cream  of  tar- 
tar ;  in  this  process  the 
oxygen  of  the  potash  is  re- 
moved by  the  carbon  in 
the  form  of  carbonic  oxide 
(KO.CO,+  C,=  K-f  SCO). 

The  annexed  figure  repre- 
sents the  iron  retort  connected 
with  its  copper  receiver,  sur- 
rounded with  cold  water,  and 
containing  petroleum  to  protect  the  distilled  potassium  from  oxidation.  The  lateral 
tube  of  the  receiver  permits  the  tube  of  the  retort  to  be  cleared,  if  necessary,  during 
the  distillation,  by  the  passage  of  an  iron  rod. 

Some  of  the  most  striking  properties  of  this  metal  have  already  been 
referred  to  (p.  23) ;  its  softness,  causing  it  to  be  easily  cut  like  wax,  the 
rapidity  with  which  its  silvery  surface  tarnishes  when  exposed  to  the  air, 
its  great  lightness  (sp.  gr.  0-8G5),  causing  it  to  float  upon  water,  and  its 
taking  fire  when  in  contact  with  that  liquid,  sufiiciently  distinguish  it 
from  other  metals.  It  fuses  easily  when  heated,  and  is  converted,  at  a 
higher  temperatiu'e,  into  a  green  vapour ;  if  air  be  present,  it  burns  with 
a  violet-colouxed  flame,  and  is  converted  into  anhydrous  potash,  the  oxide 
of  potassium  (KO). 

The  property  of  burning  Avith  this  peculiar  violet-coloured  flame  is 


Fig.  217. — Preparation  of  potassium. 
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cliaracteristic  of  potassium,  and  allows  it  to  bo  recognised  in  its  com- 
pounds. 

If  a  solution  of  nitrate  of  potasli  (saltpetre)  in  water  be  mixed  With  enough  spirit 
of  wine  to  allow  of  its  being  inflamed,  the  flame  will  have  a  peculiar  lilac  colour. 
This  colour  may  also  be  developed  by  exposing  a  very  minute  particle  of  saltpetre, 
taken  on  the  end  of  a  heated  platinum  wire,  to  the  reducing  (inner)  blowpipe  flame 
(fig.  218),  when  the  potassium,  being  reduced  to  the  metallic  state,  and  passing 


Fig.  218. — Coloured  flame  test. 


into  the  oxidising  (outer)  flame  in  the  state  of  vapour,  imparts  to  that  flame  a  lilac 
tinge. 

The  difficulty  and  expense  attending  the  preparation  of  potassium  have 
prevented  its  receiving  any  application  except  in  purely  chemical  opera- 
tions, where  its  attraction  for  oxygen,  chlorine,  and  other  electronegative 
elements,  is  often  turned  to  account. 

The  chloride  of  potassium  (KCl)  is  an  important  natural  source  of  this 
metal,  being  extracted  from  sea-water,  from  kelp  (the  ash  of  sea-weed),  and 
from  the  refuse  of  the  manufacture  of  sugar  from  beet-root.  It  also  occurs 
in  combination  with  chloride  of  magnesium,  forming  the  mineral  known 
as  carnallite  (KCl  .  2MgCl  .  12H0),  an  immense  saline  deposit  overlying 
the  rock-salt  in  the  salt-mines  of  Stassfurth  in  Saxony.  Carnallite  re- 
sembles rock-salt  in  appearance,  but  is  very  deliquescent ;  it  promises  to 
become  the  most  important  source  of  potassium  hitherto  discovered. 

Bicarbonate  of  potash  (KO  .  HO  .  2C0j),  which  is  much  used  in  medi- 
cine, is  obtained  by  passing  carbonic  acid  through  a  strong  solution  of 
carbonate  of  potasli,  when  it  is  deposited  in  crystals,  being  much  less 
soluble  in  water  than  the  normal  carbonate. 

Nitrate  of  potash  (KO  .  NO^),  or  saltpetre,  will  be  specially  considered 
in  the  section  on  gunpowder. 

Equivalent  and  atomic  weights  of  jMtassium. — The  chloride  of  potassium 
has  been  found  to  contain  35-5  parts  by  weight  (1  eq.)  of  chlorine  and  39 
parts  of  potassium  ;  39  is  therefore  regarded  as  the  equivalent  weight  of  this 
metal.  Since  this  represents  the  quantity  required  to  disphxco  one  atom 
of  hydrogen  from  its  compounds,  it  is  also  taken  as  the  atomic  weight  of 
potassium.  Since  potash  contains  39  potassium  combined  with  8  oxygon, 
its  atomic  formula  would  be  K^O  (O  =  16) ;  and  hydrate  of  potash  would 
be  KHO.  Chloride  of  potassium,  however,  has  the  atomic  formula  KCl 
corresponding  with  its  equivalent  fomiula,  because  the  atomic  weights  of 
both  its  elements  arc  the  same  as  their  equivalent  weights. 

The  following  loss  important  compounds  of  potassium  have  not  been  noticed  else- 
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where,  and  are  not  of  sulliciout  practical  importance  to  require  particular  ilescriplidn 
in  this  work  : — 


Binoxide  of  potassium,  KOj 

Peroxide  ,.  KO4 

Sulphide  „  KS 

Bisulphide        „  KSg 


Tersulphide  of  potassium,  KS^ 
Tetrasulphide  „  KS^ 
Pentasulphide       ,,  KSj 


SODIUM. 

184.  Sodium  is  often  found,  in  place  of  potassium,  in  the  feldspars  and 
other  minerals,  but  we  are  far  more  abundantly  supplied  with,  it  in  the 
form  of  common  salt  (chloride  of  sodium,  NaCl),  occurriag  not  only  in  the 
solid  state,  but  dissolved  in  sea-water,  and  in  smaller  quantity  in  the 
waters  derived  from  most  lakes,  rivers,  and  springs. 

Rock-salt  forms  very  considerable  deposits  in  many  regions ;  in  this 
country  the  most  important  is  situated  at  JSTorthwich  in  Cheshii'e,  where  very 
large  quantities  are  extracted  by  mining.  Wielitzka,  in  Poland,  is  cele- 
brated for  an  extensive  salt  mine,  in  which  there  are  a  chapel  and  dweU- 
ing-rooms,  the  furniture  of  which  is  made  of  this  rock.  Extensive  beds 
of  rock-salt  also  occur  in  France,  Germany,  Hungary,  Spain,  Abyssinia, 
and  Mexico.  Perfectly  pure  specimens  form  beautiful  colourless  cubes, 
and  are  styled  sal  gem;  but  ordinary  rock-salt  is  only  partially  transpar- 
ent, and  exhibits  a  rusty  colour,  due  to  the  presence  of  iron.  In  some 
places  the  salt  is  extracted  by  boring  a  hole  into  the  rock  and  filling 
it  with  water,  which  is  pumped  up  when  saturated  with  salt,  and  evapo- 
rated in  boilers,  the  minute  crystals  of  salt  being  removed  as  tliey  are 
deposited. 

At  Droitwich,  in  "Worcestershire,  the  salt  is  obtained  by  evaporation  from 
the  waters  of  certain  salt  springs.  In  some  parts  of  France  and  Germany 
the  water  from  the  salt  springs  contains  so  little  salt  that  it  would  not 
pay  for  the  fuel  necessary  to  evaporate  the  water,  and  a  very  ingenious 
plan  is  adopted,  by  which  the  proportion  of  water  is  greatly  reduced  with- 
out the  application  of  artificial  heat.  For  tliis  purpose  a  lofty  scaffolding  is 
erected  and  filled  with  bundles  of  brushwood,  over  which  the  salt  water 
is  allowed  to  flow,  having  been  raised  to  the  top  of  the  scaffolding  by 
pumps.  In  trickling  over  the  brushwood  tliis  water  exposes  a  large  sur- 
face to  the  action  of  the  wind,  and  a  considerable  evaporation  takes  place, 
so  that  a  much  stronger  brine  is  collected  in  the  reservoir  beneath  the 
scaffolding ;  by  several  repetitions  of  the  operation,  the  proportion  of  water 
is  so  far  diminished  that  the  rest  may  be  economically  evaporated  by  arti- 
ficial heat.  The  brine  is  run  into  boilers  and  rapidly  boiled  for  about 
thirty  hours,  fresh  brine  being  allowed  to  flow  in  continually,  so  as  to 
maintain  the  liquid  at  the  same  level  in  the  boiler.  During  tliis  ebullition 
a  considerable  deposit,  composed  of  the  sulphates  of  lime  and  soda,  is 
formed,  and  raked  out  by  the  workmen.  When  a  film  of  crystals  of  salt 
begins  to  form  upon  the  surface,  the  fire  is  loAvered  and  tlie  temperature  of 
the  brine  allowed  to  fall  to  aboiit  180°  F.,  at  which  temperature  it  is 
maintained  for  several  days  whilst  the  salt  is  crystallising.  The  crystals 
are  afterwards  drained  and  dried  by  exposure  to  air.  The  grain  of  the 
salt  is  regulated  by  the  temperature  at  which  it  crystallises,  the  size  of  the 
crystals  increasing  as  the  temperature  falls.  It  is  not  possible  to  extract 
the  whole  of  the  salt  in  this  way,  since  the  last  portions  which  crystallise 
will  always  be  contaminated  with  other  salts  present  in  the  brine,  but  the 
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hiuther-liquor  is  not  wasted,  for  after  as  much  salt  as  possible  has  been 
obtained,  it  is  made  to  yield  sulphate  of  soda  (Glauber's  salt),  sulphate  of 
magnesia  (Epsom  salts),  bromine  and  iodine. 

The  process  adopted  for  extracting  the  salt  from  sea-water  depends 
upon  the  climate.  In  Russia,  shallow  pits  are  dug  upon  the  shore,  in 
which  the  sea-water  is  allowed  to  freeze,  when  a  great  portion  of  the 
water  separates  in  the  form  of  pure  ice,  leaving  a  solution  of  salt  suffi- 
ciently strong  to  pay  for  evaporation. 

Where  the  climate  is  sufficiently  warm,  the  sea-water  is  allowed  to  run 
very  slowly  through  a  series  of  shalloAv  pits  upon  the  shore,  where  it  be- 
comes concentrated  by  spontaneous  evaporation,  and  is  afterwards  allowed 
to  remain  for  some  time  in  reservoirs  in  which  the  salt  is  deposited.  The 
coarse  crystals  thus  obtained  are  known  in  commerce  as  bay-salt.  Before 
they  are  sent  into  the  market  they  are  allowed  to  drain  for  a  long  time, 
in  a  sheltered  situation,  when  the  chloride  of  magnesium  with  which  they 
iu-e  contaminated  deKquesces  in  the  moisture  of  the  air  and  drains  off. 
The  bittern  or  Liquor  remaining  after  the  salt  has  been  extracted  is  em- 
ployed to  furnish  magnesia  and  bromine. 

Great  improvements  have  been  made  during  the  last  few  years  in  the  economical 
extraction  of  the  salts  from  sea-water.  It  will  be  remembered  that  1000  parts  of 
sea-water  contain  about 

29-0  parts  of  chloride  of  sodium, 

0-  5       ,,     chloride  of  potassium, 
3-0       „     chloride  of  magnesium, 
2  5       ,,     sulphate  of  magnesia, 

1-  5       ,,     sulphate  of  lime,  &c. 

In  a  warm  climate,  that  of  Marseilles,  for  example,  the  water  is  allowed  to  evapo- 
rate spontaneously  until  it  has  a  specific  gravity  of  1-24.  During  this  evaporation 
it  deposits  about  four-fifths  of  its  chloride  of  sodium.  It  is  then  mixed  with  one 
tenth  of  its  volume  of  water  and  artificially  cooled  to  0°  F.  {see  p.  116),  when  it  de- 
posits a  quantity  of  sulphate  of  soda,  resulting  from  the  decomposition  of  part  of  the 
remaining  chloride  of  sodium  by  the  sulphate  of  magnesia.  The  mother-liquor  is 
evaporated  down  till  its  specific  gravity  is  1-33,  a  fresh  quantity  of  chloride  of 
sodium  being  deposited  during  the  evaporation.  When  the  liquid  cools  it  deposits 
a  double  salt  composed  of  chloride  of  potassium  and  chloride  of  magnesium,  from 
which  the  latter  may  be  extracted  by  washing  with  a  very  little  water,  leaving  the 
chloride  of  potassium  fit  for  the  market. 

This  process  is  instructive  as  illustrating  the  influence  exerted  upon  the  arrange- 
ment of  the  various  acids  and  bases  in  a  saline  solution  by  the  temperature  to  which 
the  solution  is  exposed,  the  general  rule  being  that  a  salt  is  formed  which  is  in- 
soluble in  the  liquid  at  that  particular  temperature. 

The  great  tendency  observed  in  ordinary  table  salt  to  become  damp 
when  exposed  to  the  air  is  due  chiefly  to  the  presence  of  small  quantities 
of  chloride  of  magnesium  and  chloride  of  calcium,  for  pure  _  chloride  of 
sodium  has  very  much  less  disposition  to  attract  atmospheric  moisture, 
although  it  is  very  easily  dissolved  by  water,  2f  parts  of  tliis  liquid  being 
able  to  dissolve  one  part  (by  weight)  of  salt. 

In  the  history  of  the  useful  applications  of  common  salt  is  to  be  found 
one  of  the  best  illustrations  of  the  influence  of  chemical  research  upon 
the  development  of  the  resources  of  a  country,  and  a  capital  example  of  a 
manufacturing  process  not  based,  as  such  processes  usually  are,  upon  mere 
experience,  independent  of  any  kno\yledge  of  chemical  principles,  but 
upon  a  direct  and  intentional  application  of  these  to  the  attainment  of  a 
particular  object. 
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Until  the  last  quarter  of  the  eighteenth  century  the  uses  of  common 
salt  were  limited  to  culinary  and  agricultural  purposes,  and  to  the  glazing 
of  the  coarser  kinds  of  earthenware,  whilst  a  substance  far  more  useful  in 
the  arts,  carbonate  of  soda,  was  imported  chiefly  from  Spain  under  the 
name  of  barilla,  which  was  the  ash  obtained  by  burning  a  marine  plant 
known  as  the  salsola  soda.  But  this  ash  only  contained  about  one-fourth 
of  its  weight  of  carbonate  of  soda,  so  that  this  latter  substance  was  thus 
imported  at  a  great  expense,  and  the  manufactures  of  soap  and  glass  to 
which  it  is  indispensable  were  proportionally  fettered. 

During  the  wars  of  the  French  Eevolution  the  price  of  barilla  had  risen 
so  considerably,  that  it  was  deemed  advisable  by  Napoleon  to  offer  a 
premium  for  the  discovery  of  a  process  by  which  the  carbonate  of  soda 
could  be  manufactured  at  home,  and  to  this  circumstance  we  are  indebted 
for  the  discovery,  by  Leblanc,  of  the  process  at  present  in  use  for  the 
manufacture  of  carbonate  of  soda  from  common  salt,  a  discovery  which 
placed  this  substance  at  once  among  the  most  important  raw  materials 
with  which  a  country  could  be  furnished. 

185.  Manufacture  of  carbonate  of  soda  from  common  salt. — The  salt  is 
spread  upon  the  hearth  of  a  reverheratory  furnace  (fig.  219),*  and  mixed 


Fig.  219. — Furnace  for  converting  common  salt  into  sulphate  of  soda. 

with  an  equal  weight  of  sulphuric  acid,  wliich  converts  it  into  the  sul- 
phate of  soda  (p.  147),  expelling  the  hydrochloric  acid  in  the  form  of 
gas,  which  would  prove  higlily  injm-ious  to  the  vegetation  in  the  neigh- 
bourhood, and  is  therefore  usually  condensed  by  being  brought  into  con- 
tact with  water  {see  p.  148).  The  flame  of  the  fire  is  allowed  to  play 
over  the  surface  of  the  mixture  of  salt  and  sulphuric  acid  until  it  has 
become  perfectly  dry ;  in  this  state  it  is  technically  known  as  salt-cake, 
and  is  next  mixed  with  about  an  equal  weight  of  limestone  and  rather 
more  than  half  its  weight  of  small  coal;  tliis  mixture  is  again  heated 
upon  the  hearth  of  a  reverheratory  furnace,  when  it  evolves  an  abun- 
dance of  carbonic  oxide,  and  yields  a  mixture  of  carbonate  of  soda  with 

•  TJie  lieartli  of  this  furnace  is  usually  divided,  as  seen  in  the  figure,  into  two  compart- 
nients,  in  one  of  which  (lined  with  lead),  more  remote  from  the  gi-ate,  the  decomposition  is 
ouectetl  the  acid  lieing  poured  in  through  the  funnel,  whUe  in  that  nearest  to  the  gi-ate, 
sod  f  ^    I  wlio'e  of       hydrochloric  acid  is  expelled,  and  the  sulphate  of 
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lime  and  sulpliide  of  Ccalcium ;  this  mixtui-e  is  technically  known  as 
black  ash. 

The  change  which  has  been  effected  in  the  sulphate  of  soda  will  be 
easily  understood ;  for  when  this  salt  is  heated  in  contact  with  carbon 
(from  the  small  coal)  it  loses  its  oxygen,  and  becomes  sulphide  of  sodium, 
whilst  carbonic  acid  is  evolved ;  thus — 

NaO .  SO3     +     C2    =    NaS     +    2C0^  . 

Again,  when  carbonate  of  lime  is  heated  in  contact  with  carbon,  carbonic 
oxide  is  given  off,  and  lime  remains — 

CaO .  CO2    +    C    =    2C0    +    CaO  . 

Finally,  when  sulphide  of  sodium  and  lime  are  heated  together  in  the 
presence  of  carbonic  acid,  carbonate  of  soda  and  sulphide  of  calcium  are 
produced — 

NaS     +     CaO     +     CO^    =    NaO .  CO^    +     CaS  . 

When  the  black  ash  is  treated  with  water,  the  carbonate  of  soda  is  dis- 
solved, leaving  the  sulphide  of  calcium,  and  by  evaporating  the  solution, 
ordinary  soda  ash  is  obtained.  But  this  is  by  no  means  pure  carbonate  of 
soda,  for  it  contains,  in  addition  to  a  considerable  quantity  of  common 
salt  and  sulphate  of  soda,  a  certain  amount  of  caustic  soda  or  hydrate  of 
soda  formed  by  the  action  of  the  lime  upon  the  carbonate  of  soda.  In 
order  to  purify  it,  the  crude  soda-ash  is  mixed  with  smaU  coal  or  saw-dust 
and  again  heated,  when  the  carbonic  acid  formed  from  the  carbonaceous  mat- 
ter converts  the  hydrate  of  soda  into  carbonate,  and  on  dissolving  the  mass 
in  water  and  evaporating  the  solution,  it  deposits  oblique  rhombic  prisms 
of  common  washing  soda,  having  the  composition,  JSTaO.COa  +  lOAq. 
(soda-crystals). 

A  little  reflection  will  show  the  important  influence  which  this  process 
has  exerted  upon  the  progress  of  the  useful  arts  in  this  country.  The 
three  raw  materials,  salt,  coal,  and  limestone,  we  possess  in  abundance. 
The  sulphuric  acid,  when  the  process  was  first  introduced,  bore  a  high 
price,  but  the  resulting  demand  for  this  acid  gave  rise  to  so  many  improve- 
ments in  its  manufacture  that  its  price  has  been  very  greatly  diminished, — 
a  circumstance  which  has,  of  course,  produced  a  most  beneficial  effect  upon 
aU  branches  of  manufacture  in  which  the  acid  is  employed. 

The  large  quantity  of  hydrochloric  acid  obtained  as  a  secondary  product 
has  been  employed  for  the  preparation  of  bleaching  powder,  and  the 
important  arts  of  bleaching  and  calico-printing  have  thence  received  a 
considerable  impulse.  These  arts  have  also  derived  a  more  direct  benefit 
from  the  increased  supply  of  carbonate  of  soda,  which  is  so  largely  used 
for  cleansing  all  kinds  of  textile  fabrics.  The  manufactures  of  soap  and 
glass,  which  probably  create  the  greatest  demand  for  carbonate  of  soda, 
have  been  increased  and  improved  beyond  all  precedent  by  the  j^roduction 
of  this  salt  from  native  sources. 

The  crystals  of  carbonate  of  soda  are  easily  distinguished  by  their  pro- 
perty of  efTlorescing  in  dry  air  (p.  48),  and  by  their  alkaline  taste,  which  is 
much  milder  than  that  of  carbonate  of  potash,  this  being,  moreover  a 
deliquescent  salt.  Tlie  crystals  arc  very  soluble  in  water,  requiring  only  2 
parts  of  cold  and  less  than  their  own  weight  of  boiling  water ;  the  solution 
is  strongly  alkaline  to  test  papers. 

The  substance  commonly  used  in  medicine  under  the  name  of  carbonate 
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of  soda,  is  really  the  hiearhonale  (NaO  .  CO, .  HO  .  CO,),  and  is  prepared 
by  saturating  the  carbonate  of  soda  with  carbonic  acid  gas.  It  is  readily 
distinguished  from  the  carbonate,  as  it  is  but  slightly  alkaline,  and  is  very 
much  less  easily  dissolved  by  water. 

Soda  lye,  employed  in  the  manufacture  of  hard  soap,  is  a  solution  of 
hydrate  o/soda  (NaO.HO),  obtained  by  decomposing  the  carbonate  of 
soda  with  hydrate  of  lime  (slaked  lime,  CaO  .  HO),  when  the  water  of  this 
latter  compoimd  is  exchanged  for  the  carbonic  acid  of  the  carbonate. 

The  soHd  hydrate  of  soda  of  commerce  is  generally  obtained  in  the  pro- 
cess for  manufacturing  carbonate  of  soda,  just  described;  the  solution 
obtained  by  treating  the  black  ash  with  water  is  concentrated  by  evapo- 
ration, so  that  the  carbonate  and  sulphate  of  soda  and  chloride  of  sodium 
may  crystallise  out,  leaving  the  hydrate  of  soda,  which  is  far  more  soluble, 
in  the  liquid.  The  latter,  which  still  contains  a  compound  of  sulphide  of 
sodium  and  sulphide  of  iron,  which  gives  it  a  red  colour,  is  mixed  mth 
some  nitrate  of  soda  to  oxidise  the  sulphides,  and  evaporated  down  until 
a  fused  mass  of  hydrate  of  soda  is  left,  which  is  poured  out  into  iron 
moulds.* 

Kryolite  (SISTaF .  Al^Fg)  is  sometimes  employed  as  a  source  of  the 
sodium  for  hydrate  of  soda,  which  may  be  obtained  by  decomposing  it 
with  hydrate  of  lime. 

186.  Sodium. — Potash  and  soda  exliibit  so  much  similarity  in  then- 
properties,  that  we  cannot  be  surprised  at  their  having  been  confounded 
together  by  the  earlier  chemists,  and  it  was  not  till  1736  that  Du  Hamel 
pointed  out  the  difference  between  them.  The  discovery  of  potassium 
naturally  led  Davy  to  that  of  sodium,  which  can  be  obtained  by  processes 
exactly  similar  to  those  adopted  for  procuring  potassium,  to  which  it  will 
be  remembered  sodium  presents  very  great  similarity  in  properties  (p.  23). 
Sodium,  however,  is  readily  distinguished  from  potassium  by  its  burning 
with  a  yellow  flame,  wliich  serves  even  to  characterise  it  when  in  com- 
bination. 

This  yellow  flame  is  well  seen  by  dissolving  salt  in  water  in  a  plate,  and  adding 
enough  spirit  of  wine  to  render  it  inflammable,  the  mixture  being  well  stirred  while 
burning.  If  a  little  piece  of  sodium  be  burnt  in  an  iron  spoon  held  in  a  flame,  all 
the  flames  in  the  room,  even  at  a  remote  distance,  will  be  tinged  yellow.  _  The 
blowpipe  flame  may  also  be  employed  to  detect  sodium  by  this  colour,  as  in  the 
case  of  potassium  (p.  261).  In  fireworks,  nitrate  of  soda  is  employed  for  producing 
yeUow  flames.  A  very  good  yelloio  fire  may  be  made  by  intimately  mixing,  in  a 
mortar,  74  grs.  of  nitrate  of  soda,  20  grs.  of  sulpliur,  6  grs.  of  sulphide  of  antimony, 
and  2  grs.  of  charcoal,  all  carefully  dried,  and  very  finely  powdered. 

The  preparation  of  sodium,  by  distilling  a  mixture  of  carbonate  of  soda 
and  charcoal,  is  much  easier  than  that  of  potassium,  for  which  reason 
sodium  is  far  less  costly  than  that  metal,  and  has  received  applications,  on 
the  large  scale,  during  the  last  few  years,  for  the  extraction  of  the  metals 
aluminum  and  magnesium.  An  amalgam  of  sodium  (p.  119)  is  also 
employed  with  advantage  in  extracting  gold  and  silver  from  their-  ores. 

*  Another  plan  of  treating  the  black  ash  liquor  consists  m  allowing  it  to  trickle  through 
a  column  of  coke  against  a  current  of  air,  when  the  sulphid  e  of  sodium  (NaS)  is  oxidised  and 
converted  into  soda  (NaO)  and  hyposulphite  of  soda  (NaO  .  S,,Oj),  whilst  the  sulphide  ot 
iron  is  deposited.  The  liquor  is  niixed  with  a  little  chloride  of  lime  to  oxidise  any  remain- 
ing sulphides,  and  concentrated  by  evaporation,  when  carbonate  of  soda  and  ferrocyanide 
of  sodium  are  deposited  in  crystals.  The  liquor  separated  from  these  contains  the  hydrate 
of  soda,  and  is  evaporated  till  it  solidilies  on- cooling. 
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To  obtain  sodium  in  large  quantity,  a  mixture  of  diied  carbonate  of  soda,, 
powdered  coal,  and  chalk,  is  distilled  in  iron  cylinders,  when  the  oxygen 
of  the  soda  is  abstracted  by  the  cai'bon,  which  it  converts  into  carbonic 
oxide,  and  the  sodium  passes  over  in  the  form  of  vapour. 

NaO.COa    +    C2    =    Na    +  3C0. 

The  chalk  is  employed  to  prevent  the  fusion  of  the  mixture. 

187.  Borax,  or  Uhorate  of  soda. — A  very  important  compound  of  soda 
is  used  in  the  arts  under  the  name  of  borax,  in  which  the  soda  is  combined 
■with  boracic  acid.  It  has  already  been  stated  that  this  substance  is 
deposited  during  the  evaporation  of  the  waters  of  certain  lakes  in  Thibet, 
whence  it  is  imported  into  this  country  in  impure  crystals,  which  are 
covered  with  a  peculiar  gi-easy  coating.  The  refiner  of  tincal  powders  the 
crystals  and  washes  them,  upon  a  strainer,  with  a  weak  solution  of  soda, 
which  converts  the  greasy  matter  into  a  soap  and  dissolves  it.  The  borax 
is  then  dissolved  in  water,  a  quantity  of  carbonate  of  soda  is  added  to 
separate  some  lime  which  the  borax  usually  contains,  and,  after  filtering 
off  the  carbonate  of  lime,  the  solution  is  evaporated  to  the  crystallising 
point  and  allowed  to  cool,  in  order  that  it  may  deposit  the  pure  crystals 
of  borax. 

It  appears,  however,  that  the  greater  part  of  the  borax  employed  in  the 
arts  is  manufactured  in  this  country  by  heating  carbonate  of  soda  with 
boracic  acid,  when  the  latter  expels  the  carbonic  acid  and  combines  with 
the  soda.*  The  mass  is  then  dissolved  in  water,  and  the  borax  crystal- 
lised, an  operation  upon  which  much  care  is  bestowed,  since  the  product 
does  not  meet  with  a  ready  sale  unless  in  large  crystals. 

The  solution  of  borax,  having  been  evaporated  to  the  requisite  degree  of 
concentration,  is  allowed  to  crystallise  in  covered  wooden  boxes,  which  are 
lined  with  lead  and  enclosed  in  an  outer  case  of  wood,  the  space  between 
the  sides  of  the  case  and  the  box  being  stuffed  with  some  bad  conductor 
of  heat,  so  that  the  solution  of  borax  may  cool  very  slowly,  and  large 
crystals  may  be  deposited.  In  about  thirty  hours  the  crystallisation  is  com- 
pleted, when  the  liquid  is  drawn  off  as  rapidly  as  possible,  the  last  portion 
being  carefully  soaked  up  with  sponges,  so  that  no  small  crystals  may  be 
afterwards  formed  upon  the  surface  of  the  large  ones  ;  the  case  is  then 
again  covered  up,  so  that  the  crystals  may  cool  slowly  without  cracking. 

Borax  is  chemically  ItnoAvn  as  Uhorate  of  soda,  and  is  represented,  in 
the  dry  state,  by  the  formula  NaO  .  2BO3.  The  ordinary  prismatic  crys- 
tals, however,  contain  ten  equivalents  of  water  of  crystallisation,  and  are, 
therefore,  represented  by  the  formula  NaO .  2B0g  +  lOAq.  They  soon 
'  effloresce  and  become  opaque  when  exposed  to  air,  and  may  readily  be 
distinguished  by  their  alkaline  taste  and  action  upon  test-papers,  and 
especially  by  their  behaviour  when  heated,  for  they  fuse  easily  and  intu- 
mesce  most  violently,  swelling  up  to  a  white  spongy  mass  of  many  times 

■  their  original  bulk ;  this  mass  afterwards  fuses  down  to  a  clear  liquid 
which  forms  a  transparent  glassy  mass  on  cooling  {vUrefi.cd  borax),  and 
since  this  glass  is  capable  of  dissolving  many  metallic  oxides  with  gi-eat 
readiness  (borax  being,  by  constitution,  an  acid  salt,  and  therefore  ready 

■  to  combine  with  more  base),  it  is  much  used  in  the  metallurgic  arts. 
1  Large  quantities  of  borax  are  also  employed  in  glazing  stoneware. 

*  The  aiiiiiioni.a  wliicli  is  evolved  I'rnni  the,  Tuscan  I)oraoir,  ac.irl  pm]ilnyofl  in  t,liis  nroeess 
is  known  in  commerce  as  Voicanii;  aminnniu,  and  is  free  IVyni  llie  enipyreuniatic  odour  which 
generally  accompanies  t!iat  from  cnal  and  Iwmes. 
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188.  Silicate  of  soda. — A  combination  of  soda  witb  silicic  acid  has  long 
been  used,  under  the  name  of  soluble  glass,  for  imparting  a  lire-proof  cha- 
racter to  wood  and  other  materials,  and,  more  recently,  for  producmg 
artificial  stone  for  buildmg  pui-poses,  and  for  a  peculiar  kind  of  permanent 
fresco-painting  {stereochromy),  the  results  of  which  are  intended  to  with- 
stand exposure  to  the  weather.  i  o 

Soluble  glass  is  usually  prepared  by  fusmg  15  parts  of  sand  with  8 
parts  of  carbonate  of  soda  and  1  part  of  charcoal.  The  silicic  acid,  com- 
bining with  the  soda,  disengages  the  carbonic  acid,  the  expulsion  of  which 
is  facilitated  by  the  presence  of  charcoal,  which  converts  it  into  carbonic 
oxide.  The  mass  thus  formed  is  scarcely  affected  by  cold  water,  but  dis- 
solves when  boiled  with  water,  yielding  a  strongly  alkaline  liquid. 

In  using  this  substance  for  rendering  wood  fire-proof,  a  rather  weak 
solution  is  first  applied  to  the  wood,  and  over  this  a  coating  of  lime-wash 
is  laid,  a  second  coating  of  soluble  glass  (in  a  more  concentrated  solu- 
tion) is  then  appHed.  The  wood  so  prepared  is,  of  course,  charred,  as 
usual,  by  the  application  of  heat,  but  its  inflammabihty  is  remarkably 
diminished. 

For  the  manufacture  of  Eansome's  artificial  stone,  the  soluble  glass  is 
prepared  by  heating  flints,  under  pressure,  with  a  strong  solution  of  hydrate 
of  soda,  to  a  temperature  between  300°  and  400°  when  the  silicic  acid 
constituting  the  iiint  enters  into  combination  with  the  soda.  Finely 
divided  sand  is  moistened  with  this  solution,  pressed  into  moulds,  dried, 
and  exposed  to  a  high  temperature,  when  the  silicate  of  soda  fuses  and 
cements  the  grains  of  sand  together  into  a  mass  of  artificial  sandstone,  to 
which  any  required  colour  may  be  imparted  by  mixing  metallic  oxides 
with  the  sand  before  it  is  moulded. 

Silicate  of  soda  is  also  sometimes  used  as  a  dung  substitute  (p.  246)  in 
calico-printing. 

Sulphate  of  soda  forms  the  very  common  saline  efflorescence  upon  the 
surface  of  brick  walls,  and  has  been  found  covering  the  sandy  soil  of  the 
Desert  of  Atacama,  over  a  considerable  area.  The  mineral  known  as 
Thenardite  also  consists  of  sulphate  of  soda,  and  Glauberite  is  a  double 
sulphate  of  soda  and  lime  (NaO .  SO3,  CaO .  SO.)  which  is  nearly  insoluble 
in  water. 

Phosphate  of  soda  (2NaO .  HO  .  PO5  +  24Aq.)  is  obtained  by  neutra- 
Ksing,  with  carbonate  of  soda,  the  impure  phosphoric  acid  obtained  by 
decomposing  bone-ash  with  sulphuric  acid  (p.  230).  On  evaporation 
the  phosphate  is  deposited  in  obhque  rhombic  prisms  whicli  effloresce 
in  air. 

Nitrate  of  soda  will  be  more  particularly  noticed  in  the  section  on  gmi- 
powder.  It  is  imported  from  Peru,  and  used  in  considerable  quantity  as 
a  manure,  and  for  the  manufactui-e  of  nitrate  of  potash. 

Equivalent  and  atomic  weights  of  sodium. — The  analysis  of  pure  chlo- 
ride of  sodium  has  shown  it  to  contain  one  equivalent,  or  35-5  parts  by 
weight  of  chlorine  combined  with  23  parts  of  sodium;  hence  23  is  taken 
to  represent  the  equivalent  of  sodium.  As  in  the  case  of  potassium,  the 
atomic  weight  of  sodium  coincides  mth  the  equivalent,  the  atomic  formula 
of  chloride  of  sodium  being  NaCl ;  that  of  soda  would  be  JSX^  (O  =  16), 
and  that  of  hydrate  of  soda  NaHO. 
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The  great  chemical  resemblance  between  some  of  the  salts  of  ammonia 
and  those  of  potash  and  soda  has  been  ah-eady  pointed  out  as  afFordiag 
a  reason  for  the  hypothesis  of  the  existence  of  a  compound  metal 
ammonium  (NHJ  equivalent  in  its  functions  to  potassium  and  sodium. 
However  convenient  this  assumption  may  be  for  the  purpose  of  repre- 
senting by  equations  the  chemical  changes  in  which  the  salts  of  ammonia 
take  part,  it  is  evidently  necessary  to  place  these  salts  on  a  different 
footing  from  those  of  potash  and  soda,  until  either  the  metal  itself  or 
its  oxide  (NH^O),  which  is  at  present  equally  hypothetical,  shall  be 
obtained.  This  has  become  the  more  necessary  since  modern  chemistry 
has  brought  to  light  certain  organic  bases  which  exhibit  a  stronger  resem- 
blance to  potash  and  soda  than  that  evinced  by  ammonia,  rendering  it 
necessary  to  extend  to  these  also  the  hypothesis  of  the  existence  of  com- 
pound metals,  and  thus  to  encumber  chemical  pages  with  the  names  of  a  large 
class  of  substances  of  the  existence  of  which  there  is  no  direct  evidence. 

Much  encouragement  has  been  afforded  to  the  belief  in  the  existence  of 
oxide  of  ammonium  (NH^O),  by  the  circumstance  that  the  compounds  which 
are  formed  when  ammonia  (NHg)  combines  with  the  anhydrous  acids, 
such  as  carbonic  (CO2)  and  sulphuric  (SO3),  do  not  exhibit  the  resem- 
blance to  the  salts  of  potash  and  soda  until  water  is  added,  the  elements 
of  wluch  are  required  to  convert  the  NH3  into  NH^O.  Thus,  by  the 
action  of  dry  ammonia  gas  upon  anhydrous  sulphuric  acid,  a  compound 
called  mlpJi'uric  ammonide  is  formed,  having  the  composition  NH3 .  SO,. 
This  substance  dissolves  in  water  and  crystallises  in  octahedra,  but  its 
solution  is  not  precipitated  by  chloride  of  barium,  which  always  precipi- 
tates the  true  sulphates,  nor  by  chloride  of  platinum  which  precipitates 
the  true  salts  of  ammonia.  By  long  boiling  with  water,  however,  it 
becomes  converted  into  the  sulphate  of  ammonia,  NH, .  HO .  SO3  (or  sul- 
phate of  oxide  of  ammonium,  NH^O .  SO3),  which  yields  precipitates  with 
both  the  above  tests.  The  anhydrous  phosphoric,  carbonic,  and  sulphurous 
acids  also  combine  with  dry  ammonia  to  form  ammonides,  which  do  not 
respond  to  the  ordinary  tests  for  the  corresponding  salts  of  ammonia  until 
after  water  has  been  assimilated.  The  true  salts  of  ammonia  are  pro- 
duced either  by  the  combination  of  a  hydrated  acid  with  ammonia,  or  by 
double  decomposition. 

Sulphate  of  ammonia  (ISTHj .  HO .  SO3)  is  largely  employed  in  the  pre- 
paration of  ammonia-alum,  and  of  artificial  manures,  for  which  purposes  it 
is  generally  obtained  from  the  ammoniacal  liquor  of  the  gas-works  by 
neutralising  with  sulphuric  acid  and  evaporating.  The  rough  crystals  are 
gently  heated  to  expel  tarry  substances,  and  purified  by  recrystallisation. 
The  crystals  have  the  same  shape  as  those  of  sulphate  of  potash,  and  are 
easily  soluble  in  water.  When  heated  to  about  500°  T.  the  sulphate 
of  ammonia  is  decomposed,  yielding  vapour  of  sulphite  of  ammonia 
(NH3 .  HO .  SOj),  water,  ammonia,  nitrogen,  and  sulpliurous  acid.  If 
muslin  be  dipped  into  a  solution  of  sulphate  of  ammonia  in  ten  parts  of 
water,  and  dried,  it  will  no  longer  burn  mth  flame  when  ignited.  The 
mineral  mascagnino  consists  of  sulphate  of  ammonia.  This  salt  is  occa- 
sionally found  in  needle-like  crystals  upon  the  windows  of  rooms  in  which 
coal-gas  is  burnt.    The  Irimlphate  of  ammonia  contains  NH, .  2  (HO  .  SO  ). 

Sesr/uicarbonaie  of  ammonia,  2NH3.  2H0  .  3C0„  (or  2NH^0.  3C02),''is 
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the  common  carbonate  of  ammonia  of  the  shops,  also  called  smelling  salts 
or  Preston  salts,  largely  used  in  medicine,  and  by  bakers  and  confec- 
troners,  for  imparting  lightness  or  porosity  to  cakes,  &c.  It  is  com- 
monly prepared  by  mixing  sal-ammoniac  (hydrochlorate  of  ammonia) 
•with  twice  its  weight  of  chalk,  and  distilling  the  mixture  in  an  earthen 
or  iron  retort  communicating,  through  an  iron  pipe,  with  a  leaden  chamber 
or  receiver,  in  which  the  sesquicarbonate  of  ammonia  collects  as  a  trans- 
parent fibrous  mass,  which  is  extracted  by  taking  the  receiver  to  pieces, 
and  purified  by  re-subliming  it  at  about  130°  T.,  in  iron  vessels  sur- 
mounted by  leaden  domes.  The  action  of  carbonate  of  lime  upon  hydro- 
chlorate  of  ammonia  would  be  expected  to  furnish  the  neutral  carbonate 
(NH3 .  HO .  CO,),  but  this  salt  (even  if  produced)  is  decomposed  by  the  heat 
employed  in  the  process,  with  loss  of  ammonia  and  water,  and  formation 
of  sesquicarbonate  of  ammonia — 

3(NH3.HC1)    -f-    3(CaO.CO,)  = 
2NH3.2HO.3CO2    +     NH3    +     HO     +  3CaCl. 

When  a  mass  of  freshly  prepared  sesquicarbonate  of  ammonia  is  ex- 
posed to  air,  it  evolves  ammonia  and  carbonic  acid,  and  becomes  gradually 
converted  into  an  opaque  crumbly  mass  of  bicarbonate  of  ammonia — 

2NH3.2HO.3CO2    =    NH3    +     CO2    +  NH3.2HO.2CO,. 

Water  effects  this  decomposition  more  rapidly ;  if  the  powdered  sesqui- 
carbonate of  ammonia  be  washed  with  a  little  water,  bicarbonate  of 
ammonia  is  left,  and  the  solution  contains  the  elements  of  neutral  car- 
bonate of  ammonia  (NHg .  HO  .  COJ,  but  this  salt  has  not  been  obtained 
in  the  solid  form.  The  sesquicarbonate  dissolves  in  about  three  times  its 
weight  of  cold  water.  .  Boiling  water  decomposes  it,  and  the  solution,  on 
cooling,  deposits  large  prismatic  crystals  of  hiearhonate  of  ammonia 
(NH3.  2H0 .  2CO2)  which  is  much  less  soluble  in  water.  This  salt  has 
been  found  in  considerable  quantity,  forming  crystalliae  masses  in  a  bed 
of  guano  on  the  western  coast  of  Patagonia.  Sal  volatile  is  an  alcoholic 
solution  of  carbonate  of  ammonia  obtained  by  distilling  sal-ammoniac 
with  carbonate  of  potash  and  rectified  spirit  of  wine,  or  by  treating  the 
sesquicarbonate  of  ammonia  with  hot  spirit. 

By  dissolving  sesquicarbonate  of  ammonia  in  strong  solution  of  am- 
monia, and  adding  alcohol,  prismatic  crystals  of  the  sesquicarbonate,  of 
the  formula  2NH3 .  2H0 .  300^  +  2Aq.,  may  be  obtained. 

Hydrochlorate  of  ammonia  (NH3.HCI),  or  chloride  of  ammonium 
(NH^Cl),  also  called  muriate  of  ammonia  and  sal-ammoniac. — Wlien  dry 
ammonia  gas  is  brought  in  contact  with  an  equal  volume  of  diy  hydro- 
chloric acid  gas,  it  has  been  seen  (p.  119)  that  they  combine  directly  to 
produce  the  hydrochlorate  of  ammonia,  the  preparation  of  which  on  the 
large  scale  has  been  noticed  at  p.  113.  It  is  also  sometimes  made  by 
subliming  a  mixture  of  sulphate  of  ammonia  "wdth  common  salt — 

NH3.HO.SO3  +  NaCl  =  NH3.HCI  +  NaO.SOg  . 

Its  commercial  form  is  that  of  a  very  tough  translucent  fibrous  mass, 
generally  of  the  dome-like  shape  of  the  receivers,  and  often  striped  \vith 
brown,  from  the  presence  of  a  little  iron.  It  has  not  the  least  smell  of 
ammonia,  and  is  very  soluble  in  water,  requiring  about  three  parts  of  cold 
water,  and  little  more  than  its  own  weight  of  boiling  Avater.  As  the  hot 
solution  cools,  it  deposits  beautiful  fern-like  crystallisations  composed  of 
minute  cubes  and  octahedra.    The  liquefaction  of  sal-ammoniac  in  water 
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lowers  tho  temperature  very  considerably,  which  renders  the  salt  very 
useful  in  freezing  mixtures.  A  mixture  of  equal  weights  of  sal-ammoniac 
and  nitre,  dissolved  in  its  own  weight  of  water,  lowers  the  temperature 
of  the  latter  from  50°  F.  to  10°.  In  this  case  partial  decomposition  takes 
place,  resulting  in  the  production  of  chloride  of  potassium  and  nitrate  of 
ammonia,  both  of  which  absorb  much  heat  whilst  being  dissolved  by 
water.  The  solution  of  hydrochlorate  of  ammonia  in  water  is  slightly 
acid  to  blue  litmus  paper.  When  sal-ammoniac  is  heated,  it  passes  off  in 
vapour,  at  a  temperature  below  redness,  without  previously  fusing  ;  the 
vapour  forms  thick  white  clouds  in  the  air,  and  may  be  recondensed  as  a 
wliite  crust  upon  a  cold  surface ;  but  it  cannot  be  sublimed  without  some  loss, 
a  portion  being  decomposed  into  hydrochloric  acid,  hydrogen,  and  nitrogen. 

The  specific  gravity  (weight  of  1  vol.)  of  the  vapour  of  sal-ammoniac  is 
0-89.  The  formula  NH3.  HCl  represents  a  compound  of  1  eq.  or  4  vols, 
of  ammonia  (0  =  1  vol.),  and  1  eq.  or  4  vols,  of  hydrochloric  acid. 

sp.  gr. 

Weight  of  4  vols,  of  NH,  (0-59  x  4)  =  2-36 
4  vols,  of  HCi  (1-25  X  4)  =  5-00 


7-36 

This  number  obviously  represents  the  weight  of  8  vols,  of  hydrochlorate 
of  ammonia  vapour,  or  one  equivalent  of  this  vapour  occupies  eight  times 
the  volume  of  an  equivalent  (8  parts  by  weight)  of  oxygen,  or  four 
times  that  of  an  equivalent  (1  part  by  weight)  of  hydrogen.    On  the 
atomic  system,  according  to  which  one  atom  of  an  element  occupies  one 
volume,  and  one  molecule  of  a  compound  occupies  two  volumes,  hydro- 
chlorate of  ammonia  vapour  should  occupy  twice  the  volume  of  one  part 
by  weight  of  hydrogen,  whereas  its  specific  gravity  shows  it  to  occupy 
four  tmes  that  volume.    This  anomaly  might  be  explained  by  supposing 
a  temporary  dissociation  of  the  hydrochloric  acid  and  ammonia  when  the 
salt  is  converted  into  vapour,  so  that  the  observed  specific  gravity  is  really 
that  of  a  mixture  of  equal  volumes  of  these  constituent  gases.  Some 
experimental  evidence  has  been  obtained  in  support  of  this  view,  for  it 
has  been  found  that  free  ammonia  and  hydrochloric  acid  may  be  separated 
by  diffusion  from  the  vapour  obtained  on  heating  hydrochlorate  of 
ammonia.    When  this  salt  is  heated  with  metallic  oxides,  its  hydro- 
chloric acid  often  converts  the  oxide  into  a  chloride  which  is  either 
fusible  or  volatile,  so  that  sal-ammoniac  is  often  employed  for  cleansing 
the  surfaces  of  metals  previously  to  soldering  them.    Even  those  metallic 
oxides  which  are  destitute  of  basic  properties,  such  as  antimonic  and 
stannic  acids,  are  convertible  into  chlorides  by  the  action  of  sal-ammoniac 
at  a  high  temperature. 

Hydrochlorate  of  ammonia  is  found  in  volcanic  districts,  and  is  present 
iu  very  small  quantity  in  sea-water. 

Hydrosul'pliate  of  ammonia  (Nil,  .HS),  or  sulphide  of  ammonium 
(NH,S),  has  been  obtained  in  colourless  crystals  by  mixing  hydrosiUphuric 
acid  gas  with  twice  its  volume  of  ammonia  gas  in  a  vessel  cooled  by  a 
mixture  of  ice  and  salt.  It  is  a  very  unstable  compound,  decomposing  at 
the  ordinary  temperature  of  the  air  into  free  ammonia  and  bi-hi/drosii/phatc 
of  ammonia,  NH3 .  2HS,  which  may  be  obtained  in  very  volatile  colour- 
less needles  by  passing  equal  volumes  of  its  constituent  gases  into  a  vessel 
cooled  in  ice.    When  a  solution  of  ammonia  is  saturated  with  hydrosul- 
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pliuric  acid  gas,  the  ammonia  Ls  found  to  have  comhined  mth  two 
equivalents  of  hydrosulphuric  acid,  forming  a  solution  of  the  bi-hydrosul- 
phate  or  hijdrosulphate  of  suljMde  of  ammonium  (NH^S .  HS).  The 
solution  is  colourless  when  freshly  prepared,  but  it  soon  becomes  yeUow  in 
contact  with  the  air,  fi'om  the  formation  of  the  hisuliildde  of  ammonium 
(NH^  SJ,  hyposulphite  of  ammonia  being  formed  at  the  same  time — 
2(NH,S.HS)  +  0,  =  NH,S,  +  NH,0 . 8,0,  +  2H0  . 
Eventually,  the  solution  deposits  sulphur  and  becomes  colourless,  hypo- 
sulphite, sulpliite,  and  sulphate  of  ammonia  being  formed.  When  the 
freshly  prepared  colourless  solution  of  the  bi-hydrosulphate  of  ammonia  is 
mixed  with  an  acid,  the  solution  remains  clear,  hydrosulphuric  acid  being 
evolved  with  effervescence;  NH3.2HS  +  HCl  =  NH3.HCI  +  2HS  ; 
but  if  the  solution  be  yellow,  a  milky  precipitate  of  sulphur  is  produced, 
from  the  decomposition  of  the  bisulphide  of  ammonium — 

NH.S^  +  HCl  -  NH.Cl  +  HS  +  S  . 
The  fresh  solution  gives  a  black  precipitate  of  sulphide  of  lead  when 
solution  of  acetate  of  lead  is  added  to  it,  but  after  it  has  been  kept  till  it 
is  of  a  dark  yellow  or  red  colour,  it  gives  a  red  precipitate  of  the  per- 
srdphide  of  lead.  Solution  of  hydrosulphate  of  ammonia,  prepared  by 
mixing  the  bi-hydrosulphate  with  an  equal  volume  of  solution  of  ammonia, 
is  largely  employed  in  analytical  chemistry.  The  solution  has  a  very 
disagreeable  odour. 

Bisulpliide  of  ammonium  is  obtained  in  deliquescent  yellow  crystals,  when  a  mixture 
of  ammonia  gas  with  vapour  of  sulphur  is  passed  through  a  red-hot  porcelain  tube. 
It  is  the  chief  constituent  of  Boyle's  fuming  liquor,  a  fetid  yellow  liquid  obtained  by 
distilling  sal-ammoniac  with  sulphur  and  lime.  The  bisulphide  of  ammonium  is 
sometimes  deposited  in  yellow  crystals  from  this  liquid.  By  dissolving  sulphur  in 
the  bisulphide  of  ammonium,  orange-yellow  prismatic  crystals  of  pentasulphide  of 
ammonium  (NH4S5)  may  be  obtained.    Even  a  heptasulphide  of  ammonium  (NH^Sj) 

has  been  crystallised.  ,  ,  . ,     ^  .      /-kttt  oi  1 

Compounds  may  be  obtained  in  which  the  sulphide  of  ammonium  (JNH^b)  plays 
the  part  of  a  sulphur-base  towards  the  sulphides  of  arsenic,  antimony,  and  other 
sulphur-acids. 

It  is  scarcely  possible  to  represent  the  constitution  of  the  higher  sulphides  ot 
ammonium  except  on  the  ammonium  hypothesis. 

The  hydrobromate  of  ammonia  (NH3  .HBr),  or  bromide  of  ammomum  (NH^Br),  and 
the  hydriodate  of  ammonia  (NHg  .  HI),  or  iodide  of  ammonium  (NHJ),  are  useful  in 
photography.  They  are  both  colourless  crystalline  salts,  but  the  iodide  is  very  liable 
to  become  yellow  or  brown,  from  the  separation  of  iodine,  unless  kept  dry  and  in 
the  dark.    Both  salts  are  extremely  soluble  in  water. 

Lithium  is  a  comparatively  rare  metal,  obtained  chiefly  from  the  minerals  kpido- 
lite  (Xi^U  a  scale)  or  lithia-mica,  containing  silicate  of  alumina  with  fluorides  of 
potassium  and  lithium  ;  petalite  {^iru\,v,  a  leaf),  silicate  of  soda,  lithia,  and  alumina, 
and  iriphane  or  spodumene  {c^r.^os,  ashes),  which  has  a  similar  composition.  Its  name 
(from  xihs,  a  stone)  was  bestowed  in  the  belief  that  it  existed  only  m  the  mineral 
kingdom,  but  recent  investigation  has  detected  it  in  minute  proportion  in  the  ashes 
of  tobacco  and  other  plants.  i.       •      1-  1 

Metallic  lithium  is  obtained  by  decomposing  fused  chloride  of  hthium  by  a  gal- 
vanic current.  It  is  remarkable  as  the  lightest  of  the  solid  elements  (sp.  gr.  0-69). 
It  bears  a  general  resemblance  to  potassium  and  sodium,  but  is  harder  and  less 
easily  oxidised  than  those  metals.  It  decomposes  water  rapidly  at  the  ordinary 
temperature,  but  docs  not  inflame  upon  it. 

The  alkali  lithia  (LO)  powerfully  corrodes  platinum  when  heated  upon  i^.  and  fUso 
difters  from  potash  and  soda  by  forming  a  sparingly  soluble  phosphate  (3L0.  ru^) 
and  carbonate  (LO  .  CO.,).  The  compounds  of  lithium  impart  a  red  colour  to  the 
flame  of  the  blowpipe  (p".  261). 

Carbonate  of  lithia  is  occasionally  employed  medicinally. 
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Rubidium  and  Ccesium  were  discovered  so  lately  as  in  1860,  by  Bunsen  and 
Kirchhoff,  during  the  analysis  of  a  certain  spring  water  which  contained  these 
metals  in  so  minute  quantity  (2  or  3  grs.  in  a  ton)  that  they  would  certainly  have 
escaped  observation  if  the  analysis  had  been  conducted  in  the  ordinary  way.  The 
discovery  of  these  metals,  as  well  as  of  two  ctliers  (thallium  and  indium)  to  be 
mentioned  hereafter,  was  the  result  of  the  application  of  the  method  of  spectrum 
anahjsis,  of  which  a  brief  description  is  here  given,  although  the  discussion  of  the 
optical  principles  upon  which  it  depends  would  be  misplaced  in  a  chemical  work. 

189.  Spectrum  analysis. — It  lias  been  mentioned  above  that  compounds 
of  potassium,  sodium,  and  lithium  impart,  respectively,  lilac,  yellow,  and 
red  colours  to  the  blowpipe  flame  (or  air-gas  flame,  see  p.  96),  or,  in 
other  words,  that  the  highly  heated  vapours  of  the  metals  evolve  Kmiinous 
rays  of  these  particular  colours.    When  the  quantity  of  the  metal  is 
extremely  minute,  and  its  peculiar  luminous  rays  proportionally  scanty, 
their  colour  may  very  easily  escape  notice,  especially  if  two  or  three  metals 
are  present  in  the  flame  at  the  same  time.    But  if  the  light  emanating 
from  the  flame  be  coUected  by  a  lens  (at  A,  fig.  220),  and  transmitted 
through  a  prism  of  flint  glass,  or  through  a  hollow  prism  filled  with 
bisulphide  of  carbon  (B),  all 
the  rays  of  one  colour  will 
be  refracted  in  a  definite 
direction,  so  that  the  spec- 
tnim,  or  image  of  the  flame, 
when  thrown  upon  a  screen, 
instead  of  exhibiting  colours 
uniformly  distributed  like 
the  flame  itself,  will  show 
stripes  or  bands  of  the  vari- 
ous coloured  rays  existing  in 
the  flame.    Thus,  when  va^ 
pour  of  sodium  is  present  in 
the  flame,  the  whole  of  the 
yellow  light  emitted  by  it  will  be  collected  in  the  spectrum  into  a  narrow 
yellow  stripe  of  great  intensity,  and  so  extremely  delicate  is  this  test  that 
it  is  scarcely  possible  to  obtain  a  flame  which  does  not  exhibit  this  sodium, 
line.    The  heated  vapour  of  lithium  emits  a  mixture  of  red  with  a  few 
yellow  rays,  and  accordingly,  the  spectrum  of  a  flame  containing  lithium 
exhibits  a  very  bright  band  of  red  light,  and  a  comparatively  dull  band 
of  yellow  light,  the  red  band  being  characteristic  of  lithium.    The  potas- 
sium flame  emits  a  mixture  of  blue  and  red  rays,  so  that  its  spectrum 
exhibits  a  distinct  red  band  of  a  darker  colour  than  the  lithium  band,  and 
a  feeble  violet  band.    Instead  of  throwing  the  spectrum  upon  a  screen,  it 
is  generally  passed  through  a  telescope  (C)  to  the  eye  of  the  observer, 
and  the  spectroscope  so  constructed  has  now  taken  its  place  among  the 
apparatus  indispensable  to  the  analytical  chemist.    The  prism  B  may  be 
slowly  moved  round  by  a  handle  attached  to  the  stage  on  which  it  rests, 
m  order  that  the  difl'erent  parts  of  the  spectrum  may  be  successively 
brought  into  sight.    By  comparing  the  spectra  of  the  flames  containing 
vapours  of  the  metals  with  a  picture  or  map  of  the  solar  spectrum  (fig, 
221),  the  exact  position  of  the  various  coloured  bands  may  be  noted  and 
thus,  if  several  metals  are  present  in  the  same  flame,  they  may  still  be  dis- 
tinguished by  the  colours  and  positions  of  their  bands.  Thus,  if  a  mixture 
of  the  chlorides  of  potassium,  sodium,  and  lithium  be  taken  upon  a' loop 
of  platinum  wire  and  held  in  the  flame,  the  dull  red  line  of  potassium 


Fig.  220.— Spectroscope. 
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(K,  fig.  221)  is  seen  close  to  one  end  of  the  spectrum,  at  some  distance 
from  it  the  bright  red  band  (L)  of  lithium ;  at  about  the  same  distance 

Vwm.      indicio.        Blue  Green.         Yelltmr.   Orancje.  Red. 


Spectrum  furnished  by  solar  light  decomposed  by  a  prism. 
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Coloiired  bands  in  the  spectrum. 
Fig.  221. 

from  this,  the  pale  yellow  lithium  line ;  and  close  to  this,  the  bright  yel- 
low band  of  sodium  (Na)  ;  whilst  near  to  the  other  end  of  the  spectrum 
is  the  feeble  violet  band  of  potassium  {Ic).  The  chlorides  of  the  metals 
are  most  suitable  for  this  experiment,  on  account  of  their  easy  conversion 
into  vapour. 

When  examining,  with  the  spectroscope,  the  alkaline  chlorirles  extracted  from  the 
spring  water  above  alluded  to,  Bunsen  and  Kirchhoff  observed  two  red  and  two  blue 
bands  in  the  spectrum,  which  they  could  not  ascribe  to  any  known  substance,  and 
which  they  ultimately  traced  to  the  two  new  metals,  rubidium  (rubidus,  dark-red) 
and  ccBsium  (coesius,  sky-blue). 

Rubidium  has  since  been  found  in  small  quantity  in  other  mineral  waters,  in 
lepidolite,  and  in  the  ashes  of  many  plants.  This  metal  is  closely  related,  in  pr(> 
perties,  to  potassium,  but  is  more  easily  fusible  and  convertible  into  vapour,  and 
actually  surpasses  that  metal  in  its  attraction  for  oxygen,  rubidium  taking  fire 
spontaneously  in  air.  It  burns  on  water  with  exactly  the  same  flame  as  potassium. 
Its  oxide,  rubidia  (RbO),  is  a  powerful  alkali,  like  potash,  and  its  salts  are  isomor- 
phous  with  those  of  potash.  The  double  chloride  of  platinum  and  potassium,  how- 
ever, is  eight  times  as  soluble  in  boiling  water  as  the  corresponding  salt  of  rubidium, 
which  is  taken  advantage  of  in  separating  these  two  allied  metals. 

Coesium  appears  to  be  even  more  highly  electropositive  than  rubidium,  forming  a 
strong  alkali,  ccesia  (CsO),  with  oxygen,  and  salts  which  are  isoraorphous  with  those 
of  potassium.  Carbonate  of  cassia,  however,  is  soluble  in  alcohol,  which  does  not 
dissolve  the  carbonates  of  potash  and  rubidia.  Moreover,  the  bitartrate  of  ccesiuin 
is  nine  times  as  soluble  in  water  as  the  bitartrate  of  rubidium.  _ 

Coesium  has  been  found  in  lepidolite  ;  and  the  rare  mineral  pollvz,  found  m  Elba, 
and  resembling  feldspar  in  composition,  is  said  to  contain  a  very  large  quantity  ot 
this  metal. 

190.  General  review  of  tlie  group  of  aUcali-metals. — Coesium,  rubidium, 
potassium,  sodium,  and  lithium,  constitute  a  group  of  elements  conspicuous 
lor  their  highly  electropositive  character,  the  powerfully  alkalme  natiure  ot 
their  oxides,  and  the  general  solubility  of  their  salts.  Their  chemical  cha- 
racters and  functions  are  directly  opposite  to  those  of  the  electronegative 
group  containing  fluorine,  chlorine,  bromine,  and  iodine,  and,  like  those  ele- 
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ments,  they  exliibit  a  gradation  of  properties.  Thus,  ccesium  appears  to  be 
the  most  highly  electropositive  member,  rubidium  the  next,  then  potassium 
and  sodium,  whilst  lithium  is  the  least  electropositive ;  and  just  as  iodine, 
the  least  electronegative  of  the  halogens,  possesses  the  highest  equivalent 
nimiber,  so  coesium,  the  least  electronegative  (or  most  electropositive)  of 
the  alkali-metals,  has  a  liigher  equivalent  than  any  other  member  of  this 
group,  theii-  equivalent  weights  being  represented  by  the  numbers, 
coesmm,  133:  rubidium,  85-3;  potassium,  39;  sodium,  23;  litliium,  7. 
As  in  the  case  of  the  halogens,  also,  there  is  no  reason  to  believe  that  the 
atomic  weights  of  this  gi-oup  difPer  from  their  equivalent  weights,  so  that 
they  are  all  uni-equivalent  elements.  Just  as  chlorine  is  accepted  as  the 
representative  of  chlorous  radicals,  so  potassium  is  commonly  regarded  aa 
the  type  of  hasyloiis  radicals,  the  term  radical  being  applied  to  all  sub- 
stances, whether  elementary  or  compound,  which  are  capable  of  being 
transferred,  like  chlorine  or  potassium,  from  one  compound  to  another 
without  suffering  decomposition. 

Some  of  the  physical  properties  of  these  elements  exhibit  a  gradation 
in  the  same  order  as  their  equivalent  weights;  thus  rubidium  fuses  at 
101°  F.,  potassium  at  144°-5,  sodium  at  207°-7,  and  Hthium  at  356°,  so 
that,  at  ordinary  temperatures,  rubidium  is  the  softest,  and  lithium  the 
hardest  of  these  metals. 

In  some  of  their  salts  a  similar  gradational  relation  is  observed*  the 
carbonates,  for  example,  of  coesia,  rubidia,  and  potassa,  are  highly  'deli- 
quescent, absorbing  water  greedily  from  the  air,  wliilst  carbonate  of  soda 
is  not  deliquescent,  and  carbonate  of  lithia  is  sparingly  soluble  in  water. 
The  difficult  solubility  of  the  carbonate  and  phosphate  of  lithia  consti- 
tutes the  connecting  link  between  this  and  the  succeeding  group  of  metals, 
the  carbonates  and  phosphates  of  which  are  insoluble  in  water.  ' 

BAEIUM. 

191.  Barium,  so  named  from  the  great  weight  of  its  compounds  {I3apv<;, 
heavy)  is  found  in  considerable  abundance  in  the  north  of  England,  in 
two  minerals  known  as  Wifherite  (carbonate  of  baryta,  BaO .  CO2)  and 
heavy  spar  (sulphate  of  baryta,  BaO .  SO3).  Witherite  is  found  in  large 
masses  in  the  lead  mines  at  Alston  Moor,  and  at  Anglesark  in  Lancashire. 
It  is  said  to  be  used  for  poisoning  rats,  and  was  originally  mistaken,  on 
account  of  its  great  weight,  for  an  ore  of  lead. 

The  metal  itself  is  obtained  by  decomposing  fused  chloride  of  barium 
by  the  galvanic  current.  It  is  a  pale  yellow,  fusible,  malleable  metal  of 
sp.  gi-.  about  4,  which  is  easily  oxidised  by  air,  and  rapidly  decomposes 
water  at  common  temperatures. 

Such  compounds  of  baryta  as  are  used  in  the  arts  are  chiefly  prepared 
from  heavy  spar  or  sulphate  of  baryta,  which  is  remarltable  for  its  insolu- 
bility in  water  and  acids.  In  order  to  prepare  other  compounds  of  baryta 
from  this  refractory  mineral,  it  is  ground  to  powder  and  strongly  heated 
m  contact  with  charcoal  or  some  otlier  carbonaceous  substance,  which 
removes  the  oxygen  from  the  mineral  in  the  form  of  carbonic  oxide  and 
converts  it  into  sulphide  of  barium ;  BaO .  SO3  -f  =  4C0  +  BaS. 
This  latter  compound,  being  soluble  in  water,  can  be  readily  converted  into 
other  barytic  compounds. 

The  artificial  sulphate  of  baryta  wliich  is  used  by  painters  instead  of 
white  lead,  under  the  name  of  permanent  white,  and  is  employed  for 
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glazing  cards,  is  prepared  by  mixing  the  solution  of  sulphide  of  barium 
with  dilute  sulphuric  acid,  when  the  sulphate  of  baryta  separates  as  a 
white  precipitate,  which  is  collected,  washed,  and  dried— 

BaS     +     HO .  SO3    =    HS     +    BaO .  SO3  . 

The  artificial  carbonate  of  haryta,  which  is  used  in  the  manufacture  of 
some  kinds  of  glass,  is  prepared  by  passing  carbonic  acid  gas  through  a 
solution  of  sulphide  of  barium,  when  the  carbonate  of  baryta  is  precipi- 
tated; BaS  +  HO  +  CO2  =  HS  +  BaO  .  CO2. 

In  preparing  compounds  of  barium  from  heavy  spar  on  the  small  scale,  it  is 
better  to  convert  the  sulphate  of  baryta  into  carbonate  of  baryta.  60  grs.  of  the 
finely  powdered  sulphate  are  mixed  with  100  grs.  of  dried  carbonate  of  soda,  600 
grs.  of  powdered  nitre,  and  100  grs.  of  very  finely  powdered  charcoal.  The  mixture 
is  placed  in  a  heap  upon  a  brick  or  iron  plate,  and  kindled  with  a  match,  when  the 
heat  evolved  by  the  combustion  of  the  charcoal  in  the  oxygen  of  the  nitre,  fuses  the 
sulphate  of  baryta  with  the  carbonate  of  soda,  when  they  are  decomposed  into  car- 
bonate of  baryta  and  sulphate  of  soda — 

BaO  .  SO3  +  NaO  .  CO2  =  NaO  .  SO3  +  BaO  .  CO2  . 
The  fused  mass  is  thrown  into  boiling  water,  which  dissolves  the  sulphate  of  soda 
and  leaves  the  carbonate  of  baryta.  The  latter  may  be  allowed  to  settle,  and 
washed  several  times,  by  decantation,  with  distilled  water,  until  the  washings  no 
longer  yield  a  precipitate  with  chloride  of  barium,  showing  that  the  whole  of  the 
sulphate  of  soda  has  been  washed  away,  and  pure  carbonate  of  baryta  remains. 

Nitrate  of  baryta  (BaO .  NO5)  is  obtained  by  dissolving  carbonate  of 
baryta  in  diluted  nitric  acid,  and  evaporating  the  solution,  when  octa- 
hedral crystals  of  the  nitrate  are  deposited.  It  is  an  ingredient  in  some 
kinds  of  blasting  powder  used  by  miners.  If  nitrate  of  baryta  be  heated 
in  a  porcelain  crucible,  it  fuses  and  is  decomposed,  leaving  a  grey  porous 
mass  of  barijta ;  BaO .  NO^  =  BaO  +  NO,  +  0. 

Hydrate  of  baryta  may  be  procured  by  adding  4  oz.  of  the  powdered 
nitrate  of  baryta  to  12  oz.  of  a  boiling  solution  of  hydrate  of  soda,  of  sp. 
gr.  1"13  (prepared  by  dissolvuag  3  oz.  of  commercial  hydrate  of  soda  in 
20  measured  ounces  of  water) ;  the  solution  becomes  turbid  from  the 
separation  of  carbonate  of  baryta  produced  from  the  carbonate  of  soda  in 
the  hydi-ate ;  it  is  boHed  for  some  minutes  and  then  filtered ;  on  partial 
cooling,  some  crystals  of  undecomposed  nitrate  of  baryta  are  deposited, 
and  if  the  clear  liquid  be  poured  off  into  another  vessel  and  stirred,  it 
deposits  abundant  crystals  of  hydrate  of  baryta,  having  the  composition 
BaO .  HO  -I-  8Aq. ;  these  effloresce  and  become  opaque  when  exposed  to 
air,  becoming  BaO .  HO  +  Aq. ;  when  heated  to  redness,  they  become 
pure  hydrate  of  baryta,  BaO .  HO,  which  fuses,  but  is  not  decomposed 
when  further  heated.  The  hydrate  of  baryta  is  moderately  soluble  in 
water,  the  solution  being  strongly  alkaline,  and  absorbing  carbonic  acid 
from  the  air,  depositing  carbonate  of  baryta. 

When  baryta  is  heated  in  a  tube  through  which  oxygen  or  air  is  passed, 
it  absorbs  the  oxygen  and  is  converted  into  binoxide  of  barium  (Ba02), 
which  is  employed  for  the  prepai-ation  of  binoxide  of  hydrogen  (see  p.  51). 

Chloride  of  barium,  wliich  is  the  barium  compound  most  commonly 
employed  in  the  laboratory,  may  be  obtained  by  dissolving  the  carbonate 
of  baryta  in  diluted  hydrochloric  acid,  and  evaporating  the  solution ;  on 
cooling,  the  chloride  is  deposited  in  tabular  crystals,  BaCl  -1-  2Aq. 

On  the  large  scale  it  is  generally  manufactured  by  fusing  hea-\7-  spar 
(sulphate  of  baryta)  with  chloride  of  calcium  (the  residue  from  the  pre- 
paration of  ammonia,  see  p.  114),  in  a  reverberatory  furnace — 
BaO.SOg    +    CaCl    =    CaO.SOg    +    BaCl  . 


STRONTIUM — CALCIUM. 


277 


The  mass  is  rapidly  extracted  Avitli  hot  water,  -wliich  leaves  the  sulphate 
of  lime  undissolved,  aud  the  clear  solution  of  chloride  of  barium  is  de- 
canted and  evaporated.  If  the  sulphate  of  lime  and  chloride  of  barium 
were  allowed  to  remain  long  together  in  contact  with  the  water,  sulphate 
of  baryta  and  chloride  of  calcium  would  be  reproduced. 

Chlorate  of  baryta  (BaO .  ClOJ  is  employed  in  the  manufacture  of  fire- 
works,, being  prepared  for  that  purpose  by  dissolving  the  artificial  car- 
bonate of  baryta  in  solution  of  chloric  acid ;  it  forms  beautiful  shining 
tabular  crystals.  When  mixed  with  combustible  substances,  such  as 
charcoal  and  sulphur,  it  imparts  a  brilliant  green  colour  to  the  flame  of 
the  burning  mixtiue  {see  p.  158). 
All  the  soluble  salts  of  barium  are  very  poisonous. 

STRONTIUM. 

192.  Strontium  is  less  abundant  than  barium,  and  occurs  in  natiire  in 
similar  forms  of  combination.  Strontianite,  the  carbonate  of  strontia 
(SrO  .  CO2),  was  first  discovered  in  the  lead  mines  of  Strontian  in.  Argyle- 
shire,  and  has  since  been  found  in  smaU  quantity  in  some  mineral  waters. 

Celestine  (so  called  from  the  blue  tint  of  many  specimens)  is  the  sul- 
phate of  strontia  (SrO  .  SO3),  and  is  found  in  beautiful  crystals  associated 
with  the  native  sulphur  in  Sicily.  It  is  also  met  with  in  this  country, 
and  is  the  source  from  which  the  nitrate  of  strontia  employed  in  firework 
compositions  is  derived.  The  sulphate  of  strontia  resembles  that  of 
baryta  with  respect  to  its  insolubility,  and  is  converted  into  the  soluble 
sul2)hide  of  strontium  (SrS)  by  calcination  with  carbonaceous  matter. 
The  solution  of  sulphide  of  strontium  so  obtained  is  decomposed  by  nitric 
acid,  and  the  nitrate  of  strontia  crystallised  from  the  solutions.  This  salt 
forms  prismatic  crystals  which  have  the  formida  SrO .  NOg  +  5Aq.  It 
has  the  property  of  imparting  a  magnificent  crimson  colour  to  flames,  and 
is  hence  largely  used  for  the  preparation  of  red  theatrical  fires.  (See 
p.  158).  The  other  compounds  of  strontium  possess  too  little  practical 
importance,  and  too  nearly  resemble  those  of  barium,  to  require  particular 
description  here.    No  peroxide  of  strontium,  however,  has  been  obtained. 

The  metal  itself  is  prepared  in  a  similar  manner  to  metalhc  barium, 
which  it  much  resembles,  though  it  is  lighter  (sp.  gr.  2 '5  4)  and  less 
fusible.    It  bums,  when  heated  in  air,  Avith  a  crimson  flame. 

CALCIUM. 

193.  No  other  metal  is  so  largely  employed  in  a  state  of  combination 
as  calcium,  for  its  oxide,  lime  (CaO),  occupies  among  bases  much  the 
same  position  as  that  which  sulphuric  acid  holds  among  the  acids,  and  is 
used,  directly  or  indirectly,  in  most  of  the  arts  and  manufactures. 

Like  barium  and  strontium,  it  is  found,  though  far  more  abundantly 
than  these,  in  the  mineral  kingdom,  in  the  forms  of  carbonate  and  sul- 
phate, but  it  also  occurs  in  large  quantity  as  fluoride  of  calcium  (p.  177), 
and  less  frequently  in  the  form  of  phosphate  of  lime  (p.  222).  Calcium, 
moreover,  is  found  in  all  animals  and  vegetables,  and  its  presence  in  their 
food,  in  one  form  or  other,  is  an  essential  condition  of  their  existence. 

Metallic  calcium  may  be  obtained  by  decomposing  fused  iodide  of  cal- 
cium with  metallic  sodium.   It  has  a  light  golden-yellow  colour,  is  harder 
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than  lead,  and  very  malleable ;  it  oxidises  slowly  in  air  at  the  ordinary 
temperature,  but  when  heated  to  redness,  it  fuses  and  bui-ns  with  a  very 
briUiant  white  light,  being  converted  into  lime  {calx).  It  decomposes 
water  at  the  ordinary  temperature.  It  is  Lighter  than  barium  and  stron- 
tium, its  specific  gravity  being  1  -58. 

Carbonate  op  Lime,  from  which  all  the  manufactured  compounds  of 
lime  are  derived,  constitutes  the  different  varieties  of  limestone  which  are 
met  with  in  such  abundance. 

Limestones  and  chalk  are  simply  carbonate  of  lime  in  an  amorphous  or 
uncrystallised  state.  The  oolite  limestone,  of  which  the  Bath  and  Port- 
land biulding-stones  are  composed,  is  so  called  from  its  resemblance  to  the 
roe  of  a  fish  (toov,  an  egg.)  Marble,  in  its  different  varieties,  is  an  assem- 
blage of  minute  crystalline  grains  of  carbonate  of  lime,  sometimes  varie- 
gated by  the  presence  of  oxides  of  iron  and  manganese,  or  of  bituminous 
matter.  This  last  constituent  gives  the  colour  to  black  marble.  Car- 
bonate of  lime  is  also  found  in  large  transparent  rhombohedral  crystals, 
which  are  known  to  mineralogists  as  calcareous  spar,  calc  sjpar,  or  Iceland 
spar.  When  the  crystals  have  the  form  of  a  six-sided  prism,  the  mineral 
is  termed  Arragonite.  The  attention  of  the  crystaUographer  has  long 
been  directed  to  these  two  crystalline  forms  of  carbonate  of  lime,  on  ac- 
count of  the  circumstance,  that  if  a  prism  of  arragonite  be  heated,  it  breaks 
up  into  a  number  of  minute  rhombohedra  of  calc  spar. 

Carbonate  of  Hme  is  a  chief  constituent  of  the  shells  of  fishes  and  of 
egg  shells,  so  that,  except  phosphate  of  Hme,  no  mineral  compound  has 
so  large  a  share  in  the  composition  of  animal  frames.  Corals  also  con- 
sist chiefly  of  carbonate  of  Hme  derived  from  the  skeletons  of  innumer- 
able minute  insects.  The  mineral  gaylussite  is  a  double  carbonate  of 
lime  and  soda  (CaO.COg,  ]S'aO.C02  +  5Aq.),  and  is  scarcely  affected 
by  water  unless  previously  heated,  when  water  dissolves  out  the  car- 
bonate of  soda.  Baryto-calcite  is  a  double  carbonate  of  baryta  and  Linie 
(BaO .  CO2,  CaO  .  CO^). 

Lime.— The  process  by  which  lime  is  obtained  from  the  carbonate  has 
been  already  alluded  to  under  the  name  of  lime-burning.  In  order  that 
the  carbonic  acid  may  be  completely  expelled  from  the  carbonate  of  lime, 
it  is  necessary  that  the  products  of  combustion  of  the  fuel  should  be 
allowed  to  pass  over  the  limestone,  since  although  a  very  intense  heat 
is  insufficient  to  decompose  carbonate  of  Hme  when  shut  up  in  a  crucible, 
the  decomposition  is  easily  effected  if  the  carbonate  be  heated  in  a  cur- 
rent of  atmospheric  air  or  of  any  other  gas,  especially  if  aqueous  vapoui" 
be  present,  as  is  the  case  in  the  products  of  combustion  of  the  fuel. 

Accordingly,  a  kHn  is  commonly  employed  of  the  form  of  an  inverted 
cone  of  brickwork  (fig.  222),  and  into  this  the  Hmestone  and  fuel  are 
thrown  in  alternate  layers.  The  former  losing  its  carbonic  acid  before 
it  reaches  the  bottom  of  the  furnace,  is  raked  out  in  the  form  of  hiirut 
or  quiclt  lime  (CaO),  whilst  its  place  is  supplied  by  a  fresh  layer  of  Hme- 
stone thrown  in  at  the  top  of  the  kiln.  Fig.  223  represents  another  form 
of  kdn,  in  which  the  limestone  is  supported  upon  an  arch  built  with 
large  lumps  of  the  stone  above  the  fire,  which  is  kept  burning  for  about 
three  days  and  nights,  until  the  whole  of  the  Hmestone  is  decomposed. 

The  usual  test  of  the  quaHty  of  the  lime  thus  obtained  consists  in 
sprinkling  it  with  water,  with  which  it  should  eagerly  combine,  evolv- 
ing mucli  heat,  swelling  greatly,  and  ci-umbling  to  a  light  wliite  powder 
of  hydrate,  of  lime  (slaked  lime).    Lime  which  behaves  in  this  manner  is 


PLASTER  OF  PARIS. 


279 


termed  /a^  lime  ;  wliereus,  if  it  bo  found  to  slake  feebly,  it  is  pronounced 
a  poor  lime,  and  is  known  to  contain  considerable  quantities  of  foreign 
substances,  such  as  silica,  alumina,  magnesia,  &c.  Lime  is  said  to  be 
overburnt  -vvlien  it  contains  bard  cinder-lilce  masses  of  silicate  of  lime, 


Fig.  222.— Lime-kiln.  pig.  223.— Lime-kiln. 


formed  by  the  combination  of  the  sihca,  which  is  generally  found  in.  lime- 
stone, with  a  portion  of  the  lime,  under  the  influence  of  excessive  heat  in 
the  kiln. 

The  hydrate  of  lime  is  about  twice  as  soluble  in  cold  as  it  is  in  hot 
water,  so  that  lime-water  should  always  be  made  by  shaking  slaked 
hme  with  cold  distilled  water,  which  dissolves  about  l-700th  of  its  weight ; 
the  solution  is  allowed  to  settle  in  a  closed  bottle,  for  it  absorbs  carbonic 
acid  rapidly  from  the  air.  Crystals  of  hydrate  of  lime  have  been  obtained 
by  evaporating  Ume-water  i7i  vacuo. 

Sulphate  of  Lime  in  combination  with  water  (CaO .  SOg .  HO  -i-  Aq.) 
is  met  with  in  nature,  both  in  the  form  of  transparent  prisms  of  selenite, 
and  in  opaque  and  semi-opaque  masses  known  as  alabaster  and  rjypsum. 
It  is  this  latter  form  which  yields  j^laster  of  Farts,  for  when  heated  to 
between  300°  and  400°  F.,  it  loses  its  water,  and  if  the  mass  be  then 
powdered,  and  again  mixed  with  Avater,  the  powder  recombines  with  it 
to  form  a  mass  of  hydrated  sulphate  of  lime,  the  hardness  of  which  nearly 
equals  that  of  the  original  gypsum. 

In  the  preparation  of  plaster  of  Paris,  a  number  of  large  lumps  of 
gypsum  are  built  up  into  a  series  of  arches,  upon  which  the  rest  of  the 
gypsum  is  supported ;  under  these  arches  the  fuel  is  burnt,  and  its  flame 
is  allowed  to  traverse  the  gypsum,  care  beuig  taken  that  the  temperature 
does  not  rise  too  high,  or  the  gypsum  is  over-burnt  and  does  not  exhibit 
the  property  of  recombining  with  water.  When  the  operation  is  supposed 
to  be  completed,  the  lumps  are  carefully  sorted,  and  those  which  appear 
to  have  been  properly  calcined  arc  ground  to  a  very  flne  powder.  'When 
this  powder  is  mixed  with  water  to  a  cream,  and  poured  into  a  mould,  the 
minute  particles  of  anhydrous  sulphate  of  lime  (CaO  .  SOg)  combine  with 
2  cqs.  of  water  to  reproduce  the  original  gypsum  (CaO  .  SOg  .  HO  -t-  Aq.), 
and  this  act  of  combination  is  attended  with  a  slight  expansion  which 
forces  the  plaster  into  the  finest  lines  of  the  mould. 
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Stucco  consists  of  plaster  of  Paris  (occasionally  coloured)  mixed  Avith  a 
solution  of  size ;  certain  cements  used  for  building  purposes  (Keene's  and 
Keating's  cements)  are  prepared  from  burnt  gypsum,  which  has  been 
soaked  in  a  solution  of  alum  and  again  burnt ;  and  although  the  plaster 
thus  obtained  takes  much  longer  to  set  than  the  ordinary  kind,  it  is  much 
harder,  and  therefore  takes  a  good  polish. 

Plaster  of  Paris  is  much  damaged  by  long  exposure  to  moist  air,  from 
which  it  regains  a  portion  of  its  water,  and  its  property  of  setting  is  so  far 
diminished. 

Precipitated  sulphate  of  lime  is  used  by  paper-makers  under  the  name 

oi pearl  hardener. 

Chloride  of  calcium  has  been  mentioned  as  the  residue  left  in  the 
preparation  of  ammonia.  The  pure  salt  may  be  obtained  by  dissolving 
pure  carbonate  of  lime  (white  marble)  in  hydrochloric  acid,  and  evaporating 
the  solution,  when  prismatic  crystals  of  the  composition  CaCl  +  6Aq! 
are  obtained.  When  these  are  heated  they  melt,  and  at  about  390°  P.  are 
converted  into  a  white  porous  mass  of  CaCl  +  2Aq.,  which  is  much 
used  for  drying  gases.  At  a  higher  temperature,  fused  chloride  of  calcium, 
free  from  water,  is  left ;  this  is  very  useful  for  removing  water  from  some 
liquids. 

When_  hydrate  of  lime  is  boiled  with  a  strong  solution  of  chloride  of 
calcium,  it  is  dissolved,  and  the  filtered  solution  deposits  prismatic  crystals 
of  oxy chloride  of  calcium,  CaCl.  3CaO  +  15Aq.,  which  are  decomposed 
by  pure  water. 

Less  important  compounds  of  calcium  not  previously  noticed. 


Sulphide  of  calcium,  CaS 
Bisulphide      „  CaS, 


Pentasulphide  of  calcium,  CaSj 
Silicide  „  CaSi„ 


MAGNESIUM. 

194.  Magnesium  is  found,  like  calcium,  though  less  abundantly,  in 
each  of  the  three  natural  kingdoms.  Among  minerals  containing  this 
metal,  those  with  which  we  are  most  familiar  are  certain  combinations  of 
silica  and  magnesia  (silicates  of  magnesia)  known  by  the  names  of  talc, 
steatite  or  French  chalk,  asbestos,  and  meerschaum,  which  always  contains 
water.  _  Magnesite  is  a  carbonate  of  magnesia.  Most  of  the  minerals 
containing  magnesium  have  a  remarkably  soapy  feel.  The  compounds  of 
magnesium,  which  are  employed  in  medicine,  are  derived  either  from  the 
mmeral  dolomite  or  magnesian  limestone,  which  contains  the  carbonate 
of  magnesia  and  carbonate  of  lime,  or  from  the  sulphate  of  magnesia, 
which  is  obtained  from  sea-water  and  from  the  waters  of  many  mineral 
springs. 

Metallic  magnesium  has  acqiured  some  importance  during  the  last  few 
years  as  a  source  of  light.  Wlien  the  extremity  of  a  wire  of  this  metal 
is  heated  in  a  flame,  it  takes  fire,  and  burns  with  a  dazzling  wliite  hght, 
becoming  converted  into  magnesia  (MgO).  If  the  burning  wire  be  plunged 
into  a  bottle  of  oxygen,  the  combustion  is  still  more  brilliant.  The  hght 
emitted  by  burning  magnesium  is  capable  of  inducing  chemical  changes 
similar  to  those  caused  by  sun-light,  a  circmnstance  turned  to  advantage 
tor  the  production  of  photographic  pictures  by  night.  Attempts  have 
Deen  made  to  introduce  magnesium  as  an  illuminating  agent  for  general 
purposes,  but  the  large  quantity,  of  solid  magnesia  produced  in  its  coip- 
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bastion  forms  a  very  serious  obstacle  to  its  use.  The  metal  is  extracted 
from  the  chloride  of  magnesium  (see  p.  108)  by  fusing  it  with  sodium,  using 
chloride  of  sodium  and  fluoride  of  calcium  to  promote  the  fusibility  of  the 
mass. 

On  a  small  scale  maj,'nesium  may  be  prepared  by  mixing  900  grs.  of  chloride  of 
magnesium  with  150  grs.  of  fluoride  of  calcium,  150  of  fused  chloride  of  sodium, 
and  150  of  sodium  cut  into  slices  (see  p.  108).  The  mixture  is  thrown  into  a  red- 
hot  earthen  crucible,  which  is  then  covered  and  again  heated.  When  the  action 
appears  to  have  terminated,  the  fused  mass  is  stirred  with  an  iron  rod  to  promote 
the  union  of  tlie  globules  of  magnesium.  It  is  then  poured  iiijon  an  iron  tray, 
allowed  to  solidify,  broken  up,  and  the  globules  of  magnesium  separated  from  the 
slag;  they  may  be  collected  into  one  globule  by  throwing  them  into  a  melted  mix- 
ture of  chlorides  of  magnesium  and  sodium  and  fluoride  of  calcium. 

In  most  of  its  physical  and  chemical  characters  magnesium  resembles 
zinc,  though  its  colour  more  nearly  approaches  that  of  silver ;  in  ductility 
and  malleability  it  also  surpasses  ziuc.  It  is  nearly  as  light,  however,  as 
calcium,  its  specific  gravity  being  1-74.  It  fuses  below  a  red  heat,  and 
may  be  distUled  like  zinc.  Cold  water  has  scarcely  any  action  upon 
magnesium  ;  even  when  boUed  it  oxidises  the  metal  very  slowly.  In  the 
presence  of  acids,  however,  it  is  rapidly  oxidised  by  water.  Solution  of 
hydrochlorate  of  ammonia  also  dissolves  it,  owing  to  the  tendency  of  the 
magnesium  salts  to  form  double  salts  with  those  of  ammonia — 

2(NH3 .  HCl)  -f  Mg  =  NH3 .  HCl,  MgCl  +  K  +  mi^  . 

Magnesiimi  is  one  of  the  few  elements  which  unite  directly  with  nitrogen 
at  a  high  temperature.  The  nitride  of  magnesium,  NMgg,  has  been  obtained 
in  transparent  crystals,  and  is  evidently  composed  after  the  type  NHg,  so 
that  it  is  not  surprising  that  the  action  of  water  upon  it  gives  rise  to 
magnesia  and  ammonia,  NMgg  -t-  3H0  =  NH3  -t-  3MgO. 

The  sul23hate  of  magnesia,  so  well  known  as  Epsom  salts,  is  sometimes 
prepared  by  calctuiug  dolomite  to  expel  the  carbonic  acid,  washing  the 
residual  mixture  of  lime  and  magnesia  with  water  to  remove  part  of  the 
lime,  and  treating  it  with  sulphuric  acid  which  converts  the  lime  and 
magnesia  into  sulphates  ;  and  since  the  sulphate  of  lime  is  almost  in- 
soluble in  water,  it  is  readUy  separated  from  the  sulphate  of  magnesia 
which  passes  iato  the  solution,  and  is  obtained  by  evaporation  iu  jsris- 
matic  crystals  having  the  composition  MgO .  SOg .  HO  +  6Aq.  The 
preparation  of  Epsom  salts  from  sea-water  has  already  been  alluded  to 
(p.  263).  In  some  parts  of  Spain,  sulphate  of  magnesia  is  found  in  large 
quantities  (like  nitre  in  hot  climates)  as  an  efflorescence  upon  the  surface 
of  the  soil.  This  sulphate  of  magnesia,  as  well  as  that  contained  in  well- 
waters,  appears  to  have  been  produced  by  the  action  of  sulphate  of 
lime,  originally  present  in  the  water,  upon  magnesian  limestone  rocks ; 
MgO  .  CO2  +  CaO .  SO3  =  MgO  .  SO3  +  CaO .  CO2. 

The  water  of  constitution  in  the  sulphate  of  magnesia  may  be  displaced 
by  tlie  sulphate  of  an  alkali  without  alteration  in  its  crystalline  form  ; 
a  double  sidphate  of  magnesia  and  potash  (MgO  .  SO3,  KO  .  SO3  +  6Aq.), 
and  a  similar  salt  of  ammonia  (MgO  .  SO3,  NH3 .  HO .  SO3  -)-  6Aq.)  may 
be  thus  obtained.  The  mineral  poiylialUe  (ttoAiis,  many,  aX<;,  salt)  is  a 
remarkable  salt,  containing  MgO  .  SO3,  KO  .  SO3,  2(CaO  .  SO3)  +  2H0. 
Water  decomposes  it  into  its  constituent  salts. 

The  preparation  commonly  used  in  medicine  under  the  name  of  mag- 
nesia, is  really  a  basic  carbonate  nf  magnesia,  or  a  compound  of  carbonate 


282 


REVIEW  OF  THE  ALKALINE  EARTH  METALS. 


of  magnesia  with  hydrate  of  magnesia  and  water  in  the  proportions 
expressed  by  the  formula,  3(MgO .  COJ  .  MgO  .  HO  .  3Aq.  It  is  obtained  i 
by  mixing  boihng  sokitions  of  sulphate  of  magnesia  and  carbonate  of  soda, 
when  one-fourth  of  the  carbonic  acid  is  expelled  in  the  state  of  gas ;  the 
white  precipitate  is  thrown  upon  a  cloth  strainer,  well  washed,  and  dried 
in  rectangular  moulds. 

Another  process  for  preparing  carbonate  of  magnesia  consists  in  heating 
magnesian  limestone  to  low  redness,  so  as  to  decompose  the  carbonate  of 
magnesia  which  it  contains,  and  exposing  it,  under  pressure,  to  the  action 
of  water  and  carbonic  acid,  which  dissolves  the  magnesia  and  leaves  the 
carbonate  of  lime.  On  boiling  the  solution,  to  expel  the  excess  of  car- 
bonic acid,  the  carbonate  of  magnesia  is  precipitated. 

By  moderately  heating  the  carbonate  of  magnesia,  its  water  and  carbonic 
acid  are  expelled,  and  pure  or  calcined  magnesia  (MgO)  is  left,  which  is 
very  slightly  soluble  in  water  and  feebly  alkaline. 

The  mineral  periclase  consists  of  magnesia  in  a  crystallised  form. 
Magnesia  combines  Avith  water  to  form  a  hydrate  (MgO .  HO),  but  not 
with  evolution  of  heat,  as  in  the  cases  of  baryta,  strontia,  and  lime. 
Crystallised  hydrate  of  magnesia  constitutes  the  mineral  h-ucite.  Mag- 
nesia, Like  lime,  is  remarkable  for  its  infusibility. 

It  has  recently  been  noticed  that  calcined  magnesia,  when  mixed  with 
water,  solidifies  after  a  time  into  a  very  hard  compact  mass  of  hydrate  of 
magnesia  (MgO .  HO),  and  may  serve,  like  plaster  of  Paris,  for  taking  casts. 
Dolomite  calcined  below  redness  also  sets  to  a  very  hard  mass  Avith  water. 
This  hydraulicity  of  magnesia  is  likely  to  meet  with  useful  applications. 

The  jphosphate  of  magnesia  (3MgO .  PO^)  enters  into  the  composition  of 
bones,  and  the  phosjjhate  of  magnesia  and  ammonia  (2MgO .  NH3.  HO .  PO.), 
or  triple  plwspliate,  is  found  in  calculi  and  in  the  minerals  guanite  and 
struvite. 

Borate  of  magnesia  composes  the  mineral  horacite;  hydrohoracite  is  a 
hydrated  borate  of  lime  and  magnesia. 

Serpentine  and  olivine  are  silicates  of  magnesia  and  protoxide  of  iron. 
Some  of  the  varieties  of  serpentine  are  employed  for  preparing  the  com- 
pounds of  magnesia,  for  they  are  easily  decomposed  by  acids  with  separa- 
tion of  sihca. 

Pearl-spar  is  a  crystaUised  carbonate  of  lime  and  magnesia. 

CJiloride  of  magnes-ium  is  important  as  the  source  of  metallic  mag- 
nesium. It  is  easily  obtained  in  solution  by  neutralising  hydrochloric 
acid  with  magnesia  or  its  carbonate,  but  if  this  solution  be  evaporated  in 
order  to  obtain  the  dry  chloride,  a  considerable  quantity  of  the  salt  is 
decomposed  by  the  water  at  the  close  of  the  evaporation,  leaving  much 
magnesia  mixed  with  the  chloride  (MgCl  +  HO  =  HCl  +  MgO).  This 
decomposition  may  be  prevented  by  mixing  the  solution  with  three  parts 
of  hydrochlorate  of  ammonia  for  every  part  of  magnesia,  when  a  double 
salt  (MgCl,  NHg .  HCl)  is  formed,  which  may  be  evaporated  to  chyness 
without  decomposition,  and  leaves  fused  chloride  of  magnesium  when 
further  heated,  the  hydroclolorate  of  ammonia  being  volatilised.  The 
chloride  of  magnesium  absorbs  moisture  very  rapidly  from  the  air,  and  is 
very  soluble  in  water.  Like  all  the  soluble  salts  of  magnesium,  it  has  a 
decidedly  bitter  taste. 

195.  General  review  of  the  metals  of  the  alkaline  earths. — Barium, 
strontium,  calcium,  and  magnesium  form  a  highly  interesting  natural 
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group  of  metals  related  to  each  other  in  a  most  remarkable  manner. 
They  exhibit  a  marked  gradation  in  their  attraction  for  oxygen  ;  bariiun  is 
more  readily  tarnished  or  oxidised,  even  in  dry  air,  than  strontium,  and 
strontium  more  readily  than  calcium  ;  whilst  magnesium  is  not  at  all 
affected  by  diy  air,  and  is  comparatively  slowly  tarnished  even  in  moist 
ah.  Again,  the  three  first  metals  decompose  water  at  the  ordinary  tempera- 
ture, combining  with  its  oxygen  and  liberating  the  hydrogen,  but  mag- 
nesium requires  the  aid  of  heat  to  effect  this  decomposition.  The  oxides 
of  the  metals  exhibit  a  similar  gradation  in  properties ;  baryta,  strontia, 
and  lime  combine  with  water  very  energetically  with  great  evolution  of 
heat,  whilst  in  the  case  of  magnesia  no  rise  of  temperature  is  observed ; 
the  hydi-ate  of  baryta  does  not  lose  its  water,  however  strongly  it  may  be 
heated,  whereas  the  hydrates  of  strontia  and  lime  are  decomposed  at  a  red 
heat,  and  hydrate  of  magnesia  even  at  a  lower  temperature.  Then  hydrate 
of  baryta  and  hydrate  of  strontia  are  far  more  soluble  in  water  than  hydrate 
of  lime  (which  requires  about  700  parts  of  water  to  dissolve  it),  and  all 
these  three  exhibit  a  very  decided  alkaline  reaction  which  entitles  them 
to  the  name  of  alkaline  earths,  but  hydrate  of  magnesia  requires  about 
3000  parts  of  water  to  dissolve  it,  and  is  so  feebly  alkaline,  that  it  might 
even  be  fairly  classed  among  the  earths  proper.  Among  the  other  com- 
pounds of  these  metals,  the  sulphates  may  be  named  as  presenting  a 
gradation  of  a  similar  description  ;  for  sulphate  of  baryta  may  be  said  to 
be  insoluble  in  water,  sulphate  of  strontia  dissolves  to  a  very  slight  extent, 
sulphate  of  lime  is  rather  more  soluble,  and  the  sulphate  of  magnesia  is 
very  readUy  dissolved  by  water. 

It  will  be  seen  hereafter  that  the  sulphates  of  the  earths  proper  are 
remarkable  for  their  solubility  in  water,  so  that,  in  this  respect  also,  mag- 
nesia appears  to  stand  on  the  border  line  between  the  two  classes.  The 
manner  in  which  these  metals  are  associated  in  nature  is  also  not  without 
its  significance,  for  if  two  of  them  are  found  iu  the  same  mineral,  they 
whl  usually  be  those  which  stand  next  to  each  other  in  the  group  ;  thus 
carbonate  of  strontia  is  found  together  with  carbonate  of  baryta  in 
witherite,  whilst  carbonate  of  lime  is  associated  with  the  sulphate  of 
strontia  in  celestine.  Again,  carbonate  of  strontia  is  often  found  with 
carbonate  of  hme  iu  arragonite,  and  the  carbonate  of  magnesia  occurs  with 
carbonate  of  lime  in  dolomite. 

196.  Equivalent  and  atomic  toeir/hts  of  barium,  strontium, .  calcium, 
and  magnesium. — The  analysis  of  cliloride  of  barium  has  proved  it  to  con- 
tain 68-5  parts  by  weight  of  barium,  combined  with  1  eq.  (35-5  parts)  of 
chlorine;  whence  the  equivalent  of  bariiun  is  accepted  as  68-5.  In  a 
similar  manner,  that  of  strontium  has  been  fixed  at  43-8,  that  of  calcium 
at  20,  and  that  of  magnesium  at  12  ;  so  that  here,  as  in  the  gi-oup  of 
alkah-metals,  the  equivalent  numbers  decrease  with  the  dimuiution  of  the 
electropositive  character  in  the  metals. 

Relation  between  specific  heats  and  equivalent  weights.  Atomic  heats. — 
Since  the  specific  volumes  of  the  vapours  of  these  metals  have  not  been 
ascertained,  recourse  is  had  to  their  specific  heats  in  order  to  ascertain 
their  atomic  weights.  It  will  be  remembered  that  the  specific  heat  of  a 
substance  is  the  quantity  of  heat  required  to  raise  it  1°  in  temperature,  as 
compared  with  the  quantity  of  heat  required  to  raise  an  equal  weight  of 
water  1°  ;  or,  more  concisely,  the  quantity  of  heat  required  to  raise  one 
part  by  weight  of  the  substance  1°  (referred  to  water  as  the  unit). 
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Thus,  tlie  specific  heats  of  potassium,  sodium,  and  lithium  are,  respec- 
tively, 0-1696,  0'2934:,  and  0-9408 ;  these  numbers  representing  the 
relative  quantities  of  heat  required  to  raise  one  part  by  weight  of  each  of 
these  metals  1°  in  temperature,  supposing  that  an  equal  weight  of  water 
would  be  raised  1°  by  a  quantity  of  heat  exjjressed  by  one.  No  simple 
relation  can  be  traced  between  these  numbers,  but  if  the  quantities  of  heat 
be  calculated  which  are  required  to  raise  equivalent  weights  of  these  ele- 
ments 1°,  the  case  wiU  be  different. 

If  0-1696  be  the  quantity  of  heat  required  to  raise  one  j^art  by  weight 
of  potassium  1°,  0-1696  x  39,  or  6-61,  will  represent  the  quantity  of  heat 
required  to  raise  39  parts  (1  eq.)  of  jDotassium  1°.  In  tlie  same  way, 
0-2934  X  23,  or  6-75,  is  the  quantity  of  heat  required  to  raise  23  parts 
(1  eq.)  of  sodium  1°  ;  and  0-9408  x  7,  or  6-59,  is  the  quantity  required 
to  raise  7  parts  (1  eq.)  of  lithium  1°.  Allowing  for  experimental  error  in 
the  determination  of  the  specific  heats,  these  numbers,  6-61,  6-75,  and 
6-59,  may  be  regarded  as  representing  the  same  quantities  of  heat.  Since 
the  atomic  weights  of  potassium,  sodium,  and  lithium  are  expressed  by 
the  same  numbers  as  their  equivalent  weights  (see  p.  275),  the  numbers, 
6-61,  6-75,  and  6-59,  would  represent  the  atomic  heats  of  these  metals, 
that  is,  the  relative  quantities  of  heat  required  to  raise  an  atom  of  each  1° 
in  temperature. 

(Dbf. — The  atomic  heat  of  a  substance  is  the  number  obtained  by 
multiplying  its  specific  heat  by  its  atomic  weight.) 

The  atomic  heat,  therefore,  which  is  common  to  these  three  metals,  may 
be  represented  by  the  mean  of  the  three  numbers,  or  6-65. 

The  experiments  which  have  been  made  to  determine  the  specific  heats 
of  those  elements  which  can  be  obtained  in  a  similar  physical  condition, 
lend  strong  support  to  the  belief  that  the  atomic  heats  of  aU  elements 
belonging  to  the  same  group  are  identical,  and  even  hold  out  a  prospect  of 
the  identity  of  the  atomic  heats  of  a  great  majority  of  the  elementary  bodies. 
The  atomic  heats  of  oxygen,  hydrogen,  and  nitrogen  are,  respectively, 
3-48,  3-41,  and  3-41,  and  may  therefore  be  considered  to  be  identical. 

A  similar  relation  has  been  observed  between  the  atomic  heats  of  com- 
pound bodies  belonging  to  the  same  group  ;  thus,  if  the  specific  heats  of 
the  chlorides  of  potassium,  sodium,  and  lithium  be  multiplied  by  the 
atomic  weights  of  those  chlorides,  the  product  in  each  case  will  approach 
very  nearly  to  the  number  12-69.  If  these  chlorides  be  allowed  to  con- 
tain one  atom  of  each  of  their  constituents,  and  it  be  supposed  that  the 
atomic  heats  of  these  constituents  are  identical,  the  half  of  this  number 
(or  6-34)  should  represent  the  atomic  heat  of  the  aUtaU-metals,  and,  in 
fact,  it  does  nearly  coincide  with  that  number  (6-65). 

The  specific  heats  of  barium,  strontium,  and  calcium  have  not  been 
determined,  and  therefore  their  atomic  heats  cannot  be  directly  ascertatned. 
The  specific  heat  of  magnesium,  however,  is  0-2499,  and  if  the  atomic 
weight  of  this  metal  were  identical  -with  its  equivalent  (12),  its  atomic 
heat  would  be  represented  by  the  number  3 ;  but  if  the  atomic  weiglit  be 
regarded  as  double  the  equivalent,  or  24,  the  atomic  heat  wiU  be 
(0-2499  x  24)  6,  a  number  more  nearly  approacliing  to  the  atomic  heats 
of  the  alkali-metals.  T^iis  is  one  reason  for  supposing  that  the  atomic 
weight  of  magnesium  is  reaUy  represented  by  24  (Mg). 

The  specific  heats  of  the  chlorides  of  barium,  strontium,  calcium,  and 
magnesium  have  been  ascertained  to  be  represented  by  the  numbers 
0-0900,  0-1180,  0-1686,  and  0-1970,  respectively.    Now,  if  the  atomic 
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weights  of  these  metals  be  regarded  as  identical  with  their  equivalent 
weights,  the  atomic  heats  of  the  chlorides,  obtained  by  multiplying  their 
atomic  weights  into  their  specific  heats,  would  be  expressed  by  the  mean 
number  9  "36,  and  if  this  be  divided  by  2  (the  presumed  number  of  atoms  in 
each  chloride),  it  would  give  4'68  for  the  atomic  heat  of  each  of  the  ele- 
ments of  the  compound,  a  number  which  exhibits  no  simple  relation  to  the 
atomic  heat  of  magnesium,  or  to  those  of  the  alkali-metals.  If  it  be  sup- 
posed, however,  that  the  atom  of  bariimi,  strontium,  calcium,  or  mag- 
nesium really  represents  two  equivalents,  so  that  each  chloride  contains 
three  elementary  atoms  (two  of  chlorine  and  one  of  metal),  the  atomic 
weight  of  each  of  the  chlorides  would  be  doubled,  and,  consequently,  the 
atomic  heat  would  be  twice  that  given  above,  or  18-72.  Dividing  this  by 
3,  the  presumed  number  of  atoms  in  the  chloride,  we  obtain  the  number 
6*24  for  the  atomic  heat  of  each  of  the  elements,  which  agrees  very  well 
with  that  du-ectly  obtained  for  magnesium  and  the  allcali-metals. 

The  metals  barium,  strontium,  calcium,  and  magnesium,  therefore,  are 
generally  regarded  as  bi-equivalent  or  diatomic  elements,  one  atom  of  each 
occupying  the  place  of  two  atoms  of  hydrogen,  their  atomic  weights  being 
Ba  137,  Sr  87-5,  Oa  40,  Mg  24.  The  atomic  formula;  of  their  oxides 
would  be  BsiQ,  Sr6-,  ©a6-,  and  Mg0,  and  that  of  their  clilorides  ©aCL,, 
SrCl^,  -eaCL^  and  MgCl,.* 

K  the  atomic  formiilEe  were  generally  adopted,  the  absence  of  the 
analogy  between  the  formulae  of  the  oxides  and  those  of  the  chlorides 
would  be  foujid  to  detract  from  the  simplicity  of  many  of  the  equations 
explanatory  of  chemical  changes  in  which  these  metals  are  concerned. 

ALUMINUM. 

197.  Aluminum  is  the  representative  of  the  class  of  metals  usually 
styled  metals  of  the  earths  proper,  and  including  also  glucinum,  thorinum, 
yttrium,  zirconium,  erbium,  terbiimi,  cerium,  lanthanum,  and  didymium, 
but  of  these,  aluminum  is  the  only  metal  having  any  claim  to  our  attention 
on  the  ground  of  its  practical  importance. 

Aluminum  is  distinguished  among  metals,  as  silicon  is  among  non- 
metallic  bodies,  for  its  immense  abundance  in  the  solid  mineral  portion  of 
the  earth,  to  which,  indeed,  it  is  almost  entirely  confined,  for  it  is  present 
in  vegetables  and  animals  in  so  small  quantity  that  it  can  scarcely  be  re- 
garded as  forming  one  of  their  necessary  components. 

One  of  the  oldest  rocks,  which  appear  to  have  originally  formed  the 
basis  of  the  solid  structure  of  the  globe,  is  that  known  as  granite.  This 
mineral,  Avhich  derives  its  name  from  its  conspicuous  granular  structure, 
is  a  mixture,  in  variable  proportions,  of  quartz,  feldspar,  and  mica,  tinged 
of  various  colours  by  the  presence  of  small  quantities  of  the  oxides  of 
iron  and  manganese. 

Qimiz,  which  forms  the  translucent  or  transparent  grains  in  the  granite, 
consists  simply  of  silicic  acid ;  feldspar,  the  dull  cream-coloured  opaque 
part,  is  a  combination  of  that  acid  with  alumina  and  potash,  and  is 
generally  spoken  of  as  a  double  sUicate  of  alumina  and  potash,  its  com- 
position being  represented  by  the  formula  KO  .  SSiO^,  Al^O, .  3SiO.^. 

Mica,  so  named  from  the  glittering  scales  which  it  forms  in  the  granite, 
is  also  a  double  silicate  of  alumina  and  potash,  but  the  alumina  is  very 
frequently  displaced  by  sesquioxide  of  iron,  and  the  potash  by  magnesia. 
*  Anotlier  argument  for  the  diatomic  character  of  barium  will  be  found  at  p.  256. 
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By  the  long-continued  action  of  air  and  water,  the  granite  rock  is 
gradually  crumbled  down  or  disintegrated,  an  effect  which  must  be  as- 
cribed to  a  concurrence  of  mechanical  and  chemical  causes.  Mechani- 
cally, the  rock  is  continually  worn  down  by  variations  of  temperature, 
by  the  congelation  of  water  within  its  minute  pores,  the  rock  being  gror 
duaUy  split  by  the  expansion  attendant  upon  such  congelation.  Chemi- 
cally, the  action  of  water  containing  carbonic  acid  would  tend  to  remove 
the  potash  from  the  feldspar  and  mica  in  the  form  of  carbonate  of  potash, 
whilst  the  silicate  of  alumina  and  the  quartz  would  subsequently  be  sepa- 
rated by  the  action  of  water ;  the  former,  being  so  much  lighter,  would 
be  soon  washed  away  from  the  heavy  quartz,  and,  when  again  deposited, 
would  constitute  clay. 

Although  clay,  therefore,  always  consists  mainly  of  silicate  of  alumina, 
it  generally  contains  some  uncombined  silicic  acid,  together  with  variable 
quantities  of  Hme,  of  oxide  of  iron,  &c.,  which  give  rise  to  the  numerous 
varieties  of  clay. 


Composition  of  Clay. 


Chinese  Kaolin. 

Fire-clay. 
(Stourbridge) . 

Pipe-clay. 

Silica    .    .  . 

50-5 

64-1 

63-7 

Alumina    .  . 

33-7 

23-1 

32-0 

Water  .    .  . 

n-2 

10-0 

12-1 

Oxide  of  iron  . 

1-8 

1-8 

1-4 

Lime    .    .  . 

0-4 

Magnesia  .  . 

0-8 

"o-9 

Potash  I 
Soda    /    •  • 

1  9 

99-9 

99-9 

99-6 

The  sUicate  of  alumina  also  constitutes  the  chief  portion  of  several  other 
very  important  mineral  substances,  among  which  may  be  mentioned  slate, 
fuller's  earth,  and  2^umice-stone.  Marl  is  clay  containing  a  considerable 
quantity  of  carbonate  of  lime.  Loam  is  also  an  impure  variety  of  clay. 
The  different  varieties  of  ochre,  as  well  as  umber  and  sienna,  are  simply 
clays  coloured  by  the  oxides  of  iron  and  manganese. 

Alum,  which  is  the  chief  compound  of  aluminmn  employed  in  the  arts, 
is  always  obtained  either  from  clay  or  slate,  but  there  are  several  processes 
by  which  it  may  be  manufactured. 

The  simplest  process  is  that  in  which  pipe-clay,  or  some  other  clay  con- 
taiaing  very  little  iron,  is  calcined,  ground  to  powder,  and  heated  on  the 
hearth  of  a  reverberatory  furnace  with  half  its  weight  of  sulphuric  acid, 
until  it  becomes  a  stiff  paste,  which  is  then  exposed  to  air  for  several 
weeks.  During  this  time  the  alumina  of  the  clay  enters  into  combination 
with  the  sulphuric  acid  to  form  sulphate  of  alumina,  which  may  be  ob- 
tained by  washing  the  mass  with  water,  when  the  sulphate  of  alumina 
dissolves,  and  the  undissolved  silicic  acid  (still  retaining  a  portion  of  the 
alumina)  is  left.  Wlien  the  solution  containing  the  sulphate  of  alumina 
IS  evaporated  to  a  syrupy  consistence  and  allowed  to  cool,  it  solidifies  into 
a  white  crystalline  mass,  which  is  used  by  dyers  under  the  erroneous  name 
of  concentrated  alum.    The  sulphate  of  alumina  can  be  obtained  in  crys- 
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tals  coutainmg  AI2O3 .  380^  +  18Aq.,  but  there  is  considerable  difficiilty 
ill  obtaining  these  crystals  on  account  of  the  extreme  solubility  of  the 
salt.  It  is  on  account  of  this  circumstance  that  the  sulphate  of  alumina 
is  usually  converted  into  alum,  which  admits  of  very  easy  crystallisation 
and  piu'Lfication.  In  order  to  transform  the  sulphate  of  alumina  into 
alum,  its  solution  is  mixed  with  sulphate  of  potash,  when,  by  suitable 
evaporation,  beautiful  octahedi'al  crystals  are  obtained,  having  the  compo- 
sition AI2O3 .  3SO3,  KO  .  SO3  +  24Aq. 

Alum  is  more  commonly  prepared  from  the  mineral  termed  aliim-sliale, 
which  contains  silicate  of  alumina,  together  with  a  considerable  quantity 
of  finely-divided  iron  pyrites  and  some  bituminous  matter.  This  shale 
is  coarsely  broken  up,  and  built  into  long  pyramidal  heaps,  together  with 
alternate  layers  of  coal,  imless  the  shale  should  happen  to  contain  a  suffi- 
cient amount  of  bitumen.  These  heaps  are  set  fire  to  in  several  places, 
and  are  partly  smothered  with  spent  ore  in  order  to  prevent  too  great  a 
rise  of  temperature.  During  this  slow  roasting  of  the  heap,  the  iron 
pyrites  (FeSj)  loses  half  its  sulphur,  which  is  converted  by  burning  into 
sulphurous  acid  (SO^),  and  this,  in  contact  with  the  porous  shale  and  the 
atmospheric  oxygen,  becomes  converted  into  sulphuric  acid  (p.  200). 
This  latter  acid  combines  with  the  alumina  to  produce  sulphate  of  alumina. 
The  roasted  heap  is  then  allowed  to  remain  for  some  months  exposed  to 
the  air,  and  moistened  from  time  to  time,  in  order  to  promote  the  absorp- 
tion of  oxygen  by  the  sulphide  of  iron  (FeS),  and  its  conversion  into  sul- 
phate of  iron  (FeO .  SOg).  The  heap  is  afterwards  lixiviated  with  water, 
which  dissolves  out  the  sulphates  of  alumina  and  iron,  together  with  some 
sulphate  of  magnesia,  which  has  also  been  formed  in  the  process.  When 
this  crude  alum  liquor  is  evaporated  to  a  certain  extent,  a  large  quantity 
of  sulphate  of  iron  (green  vitriol)  crystaUises  out,  and  the  liquid  from 
which  these  crystals  have  separated  is  then  mixed  with  so  much  solu- 
tion of  chloride  of  potassium  as  a  preliminary  experiment  has  shown  to 
be  necessary  to  yield  the  largest  amount  of  alum.  The  chloride  of  potas- 
sium is  obtained  as  soap-boUer's  waste,  and  as  the  refuse  from  saltpetre 
refineries  and  glass-houses.  The  sulphate  of  iron  still  left  in  the  solu- 
tion is  decomposed  by  the  chloride  of  potassium,  yielding  chloride  of 
iron  and  sulphate  of  potash,  which  combines  with  the  sulphate  of  alumina 
to  form  alum.  If  there  be  much  sulphate  of  magnesia  in  the  liquor,  it  is 
subsequently  obtained  in  crystals  and  sent  into  the  market. 

Where  sulphate'  of  ammonia  can  be  obtained  at  a  cheap  rate  (as  in  the 
neighbourhood  of  the  gas-works),  it  is  very  commonly  substituted  for  the 
chloride  of  potassium,  when  ammonia-alum  is  obtained  instead  of  jjotash- 
alum.  The  fonner  is  similar  in  all  respects  to  the  latter  salt,  except  that 
it  contains  the  hypothetical  metal  ammonium  (NI-I^)  in  place  of  potassium, 
and  its  formula  is,  therefore,  Al^O, .  SSO^ ,  NH,0 .  SO,  -t-  24  Aq. 

For  all  the  uses  of  alum,  in  dyeing  and  calico-printing,  in  paper-making 
and  in  the  manufacture  of  colours,  ammonia-alum  answers  quite  as  well 
as  potash-alum,  and  hence  both  these  salts  are  sold  under  the  common 
name  of  alum. 

These  alums  are  the  representatives  of  an  important  class  of  double 
sulphates,  composed  of  a  sulphate  of  one  of  the  alkalies  combined  with 
the  normal  sulphate  of  a  sesquioxido.  They  all  contain  24  eqs.  of  water 
of  crystallisation,  and  their  crystalline  form  is  that  of  the  cube  or  octa- 
hedron. 

When  a  solution  of  alum  is  mixed  with  a  little  solution  of  carbonate  of 
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soda,  a  precipitate  of  alumina  is  formed,  which  redissolves  when  the  solu- 
tion is  stirred.  If  the  addition  of  carbonate  of  soda  be  continued  as  long 
as  the  precipitate  redissolves  when  stirred,  the  salt  AlgOg .  SO3  wiU  remain 
in  the  solution — 

Al203-3S03,KO.S03    +    2(NaO.C02)  = 
A1203-S03    +    2(NaO.S03)    +    KO.SO3    +    200^  . 
This  solution  of  basic  alum,  as  it  is  called,  is  decomposed  by  boiUng, 
alumina  being  deposited  and  ordinary  alum  remaining  in  solution — 

3(Al203.S03)  +  KO.SO3  =  2AI2O3  +  Al203.3S03,KO.S03  . 

"WTien  stuffs  are  immersed  in  the  solution  of  basic  alum  they  also  with- 
draw a  portion  of  alumina,  which  becomes  fixed  in  their  fibre,  and  serves 
as  a  mordant  to  attract  and  fix  the  colouring  matter  when  the  stuff  is 
transferred  to  a  dye-bath. 

Alwnina. — When  ammonia-alum  is  strongly  heated,  it  loses  the  whole 
of  its  water,  ammonia,*  and  sulphuric  acid,  leaving  merely  a  wliite  in- 
soluble earthy  substance  which  is  alumina  itself  (AlgOg),  and  differs 
widely  from  the  metallic  oxides  wliich  have  been  hitherto  considered,  by 
the  feebly  basic  character  which  it  exhibits.  Not  only  is  alumina  des- 
titute of  alkaline  properties,  but  it  is  not  even  capable  of  entirely  neu- 
tralising the  acids,  and  hence  both  sulphate  of  alumina  and  alum  are 
exceedingly  acid  salts. 

Pure  crystallised  alumina  is  found  in  nature  as  the  mineral  corundum, 
distinguished  by  its  extreme  hardness,  in  which  it  ranks  next  to  the 
diamond.  An  opaque  and  impure  variety  of  corundum  constitutes  the 
very  useful  substance  emery.  The  ruby  and  sappliire\  consist  of  nearly 
pure  alumina;  sjnneUe  is  a  compound  of  magnesia  with  alumina, 
MgO .  AlgOg ;  whilst  in  the  topaz  the  alumina  is  associated  with  silica 
and  fluoride  of  aluminum.  The  mineral  diasjjore  is  a  hydrate  of  alumina 
(AlgOg .  2H0),  so  named  from  its  falling  to  powder  when  heated  (Suia-iropd, 
disjyersion). 

The  artificially  prepared  hydrate  of  alumina  is  characterised  hy  its  gelatinous  ap- 
pearance. If  a  little  alum  be  dissolved  in  warm  water,  and  some  ammonia  added 
to  the  solution,  the  ammonia  will  combine  with  the  sulphuric  acid,  whilst  the 
alumina  will  unite  with  water  to  form  a  semi-transparent  gelatinous  mass  of  hydrate 
of  alumina  (AljOj.SHO).  When  washed  and  dried,  it  shrinks  very  much  and 
forms  a  mass  resembling  gum.  The  hydrate  of  alumina  has  a  great  attraction  for 
most  colouring  matters,  with  which  it  forms  insoluble  compounds  called  lakes. 
Thus,  if  a  solution  of  alum  be  mixed  with  infusion  of  logwood,  and  a  little  ammonia 
added,  the  hydrate  of  alumina  will  form,  with  the  colouring  matter, "a  purplish-red 
lake,  which  may  be  filtered  ofi',  leaving  the  solution  colourless.  Tliis  property  is 
turned  to  advantage  in  calico-printing,  where  the  compounds  of  alumina  are  largely 
used  as  mordants. 

Chloride  of  aluminum. — If  the  alumina  obtained  by  calcining  ammonia- 
alum  be  intimately  raixed.with  charcoal,  and  strongly  heated  in  an  earthen 
tube  or  retort  through  which  a  stream  of  well-dried  clilorine  is  passed, 
the  oxygen  of  the  alumina  is  abstracted  by  the  charcoal,  to  form  carbonic 

*  The  great  absoi-ption  and  disappearance  of  heat  during  the  evaporation  of  the  water 
and  ammonia  from  this  alum,  has  led  to  its  employment  for  filling  the  space  between  the 
double  walls  of  fire-proof  safes,  which  may  become  red-hot  outside,  whilst  the  inside  is 
kept  below  the  scorching-point  of  paper. 

T  Small  crystals  of  alumina  resembling  natural  sapphire  have  been  obtained  by  the 
action  of  vapour  of  fluoride  of  aluminmn  upon  boracic  acid  at  a  high  temperature.  By 
adding  a  little  fluoride  of  chromiiun,  ci7stals  similar  to  rubies  and  emeralds  have  been 
produced. 
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oxide,  whilst  the  chlorine  combines  with  the  aluminum  yielding  chloride 
of  aliuninum  (AI2CI3)  which  passes  off  in  vapour  and  may  ho  condensed, 
'  in  an  appropriate  receiver,  as  a  white  crystalline  solid — 

AI2O3     +     C3     +     CI3    =    AI2CI3    +     3C0  . 

This  formation  of  the  chloride  of  aluminum  is  possessed  of  some  in- 
terest, as  an  example  of  the  decomposition  of  a  compound  body  by  the 
co-operation  of  two  elements,  neither  of  which  alone  would  be  able  to 
de  compose  the  compound ;  neither  carbon  nor  clrloruie  would,  alone,  de- 
compose alununa,  however  high  the  temperature,  but  when  the  attraction 
of  the  carbon  for  the  oxygen  is  added  to  that  of  the  chlorine  for  the 
aluminum,  the  decomposition  is  easily  effected. 

But  this  chloride  of  aluminum  also  deserves  attention  as  being  the 
soui'ce  from  which  the  metal  aluminum  may  be  prepared  in  large  quan- 
tities. 

198.  Aluminum. — In  order  to  obtain  this  interesting  metal,  it  is  only 
necessary  to  pass  the  chloride  of  aluminum  in  the  state  of  vapour  over  heated 
sodium,  which  removes  the  chlorine  in-  the  form  of  chloride  of  sodium 
leaving  the  aluminum  as  a  white  malleable  metal  about  as  hard  as  zinc[ 
and  fusing  at  a  somewhat  lower  temperature  than  silver.  Tor  the  extrac- 
tion of  aluminum  upon  the  large  scale,  the  alumina  is  not  prepared  from 
alum,  but  from  the  mineral  known  as  Bauxite,  which  contains  about  67  per 
cent,  of  alumina,  together  with  peroxide  of  u-on  and  sihca.  This  mineral 
is  heated  with  soda-ash  (see  p.  265),  when  carbonic  acid  escapes,  and  the 
silica  and  alumina  combine  with  soda  to  form  silicate  of  soda,  and  a 
soluble  compound  of  alumina  with  soda,  which  is  generally  called  almni- 
nate  of ^  soda,  and  has  the  composition  3NaO .  AlgOg.  On  treating  the 
mass  with  water,  an  insoluble  silicate  of  alumiua  and  soda  is  left,  wliilst 
the  aluminate  of  soda  is  dissolved,  and  is  obtained  as  an  infusible  mass 
when  the  solution  is  evaporated.  This  aluminate  of  soda  is  largely  used 
by  calico-printers  as  a  mordant.  To  obtain  alumina  from  it,  the  solution 
is  neutralised  with  hydrochloric  acid,  which  converts  the  sodium  into 
chloride,  and  precipitates  the  alumina  as  hydrate  of  alumina  (AlgOg .  3H0). 
As  the  next  step  towards  the  preparation  of  aluminum,  thef  hydrate  of 
alumina  is  mixed  with  charcoal  and  common  salt,  made  up  uito  balls, 
dried,  and  strongly  heated  in  earthen  cylinders  through  which  dry 
chlorine  is  passed.  The  carbon  abstracts  the  oxygen  from  the  alumina, 
forming  carbonic  oxide,  whilst  the  alumiaum  combines  with  the  chlorine, 
and  the  chloride  of  aluminum  so  formed  combines  with  the  chloride  of 
sodium,  and  distils  over  as  the  double  chloride  of  aluminum  and  sodium 
{AI2CI3 .  NaCl).  This  salt  is  then  mixed  with  a  proper  proportion  of 
metallic  sodium,  and  heated  in  a  reverberatory  furnace,  when  the  sodium 
combines  with  the  chlorine  of  the  chloride  of  aluminum,  leaving  the  latter 
metal  to  separate  in  a  fused  state  beneath  the  melted  cliloride  of  sodium, 
tvhich  protects  it  from  oxidation.  The  aluminum  may  be  roUed  into 
sheets  or  drawn  into  wire. 

Aluminum  is  much  more  sonorous  than  most  other  metals.  A  bar  of 
it  suspended  from  a  string,  and  struck  with  a  hamnier,  omits  a  clear 
musical  sound.  It  is  remarkable  as  being  the  hghtest  metal  capable  of 
resisting  the  action  of  air  even  in  the  presence  of  moisture.  Its  specific 
gravity  is  2 -.5.  This  liglitness  renders  it  valuable  for  the  manufacture  of 
small  weights,  such  as  the  grain  and  its  fractions,  since  these,  when  made 
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of  aluminum,  are  more  than  three  times  as  large  as  when  made  of  brass, 
and  nearly  nine  times  as  large  as  platinum  weights  of  the  same  denomina- 
tion. It  is  also  employed  for  ornamental  purposes,  for  though  not  so 
brilliant  as  silver,  it  is  not  blackened  by  sulphuretted  hydrogen,  wliich  so 
easily  affects  that  metal  (p.  192). 

Another  characteristic  feature  of  aluminum  is  its  comparative  resistance 
to  the  action  of  nitric  acid  even  at  a  boiling  heat.  No  other  naetal  com- 
monly met  with,  except  platinum  and  gold,  is  capable  of  resisting  the 
action  of  nitric  acid  to  the  same  extent.  Hydrochloric  acid,  however, 
which  will  not  attack  gold  and  platinum,  dissolves  aluminimi  with  faci- 
lity, converting  it  into  chloride  of  aluminum,  with  disengagement  of 
hydrogen ;  Al^  +  3HC1  =  Al^Clj  +  H3.  Solutions  of  potash  and  soda 
also  easily  dissolve  it,  forming  the  so-called  aluminates  of  those  alkalies ; 
thus  3(NaO .  HO)  +  Al^  =  3NaO .  Alf)^  +  H3.  Even  when  very 
strongly  heated  in  air,  aluminum  is  oxidised  to  a  very  shght  extent,  pro- 
bably because  the  coating  of  alumina  which  is  formed  remains  infusible 
and  protects  the  metal  beneath  it.  For  a  similar  reason,  apparently, 
aluminum  decomposes  steam  sloAvly,  even  at  a  high  temperature. 

When  aluminum  is  fused  with  nine  times  its  weight  of  copper,  it  forms 
an  alloy  very  similar  to  gold  in  appearance,  but  almost  as  strong  as  iron. 
This  alloy  was  strongly  recommended  to  replace  gold  for  ornamental  pur- 
poses, but  it  does  not  retain  its  brilliancy  so  completely  as  that  metal. 
Aluminum  does  not  unite  with  mercury  or  with  melted  lead,  both  of 
which  are  capable  of  dissolving  nearly  all  other  metals. 

199.  Mineral  silicates  of  alumina. — Many  of  the  chemical  formulae  of 
minerals  which  contain  silicates  of  alumina  associated  with  the  sOicates 
of  other  metallic  oxides  are  complicated,  from  the  circumstance  that  a  part 
of  the  aluminum  is  often  replaced  by  iron,  which,  in  the  form  of  sesqui- 
oxide  (FcgOg),  is  isomorphous  with  it,  and  therefore  capable  of  replacing 
it  without  altering  the  crystalline  form  and  general  chai-acter  of  the 
mineral.  In  a  similar  manner,  the  other  metals  present  in  the  mineral 
may  be  exchanged  for  isomorphous  representatives ;  thus  there  are  two 
well-known  feldspars,  potash-feldspar  (orthoclase)  and  soda-feldspar  (albite), 
having  the  formulte  KO .  Aljd,.  QSiO,,  and  NaO .  A\0^.  GSiO^.  These  mine- 
rals are  sometimes  mingled  in  one  and  the  same  crystal  (jjotash-albite  or  j)en- 
cUne)  without  bearing  any  definite  equivalent  proportion  to  each  other ; 
the  formula  of  such  a  mineral  would  be  written  (KjSra)O .  Al^Og .  GSiOj. 

Porphyry  has  the  same  chemical  composition  as  feldspar,^ 

Mica,  again,  is  composed  essentially  of  magnesia,  alumina,  and  silica 
(4MgO  .  AI2O3 .  iSiO^),  but  part  of  the  magnesium  is  so  constantly  re- 
placed by  potassium 'and  iron  (as  protoxide),  and  part  of  the  aliuninum 
by  iron  (as  sesquioxide),  that  the  general  formula  for  mica  must  be  written 
4(KMgFe) .  {AlFe),0^ .  iSiO^. 

Garnet  is  essentially  a  double  sHicate  of  alumina  and  lime,  but  often 
contains  magnesium,  iron,  or  manganese,  replacing  part  of  the  calcium, 
and  iron  replacing  part  of  the  aluminum,  being  written — 

3(CaMgreMn)  0 .  (AlFe)^^ .  3SiOj . 
This  mineral  is  sometimes  formed  artificially  in  the  slag  of  the  ii-on  blast- 
furnaces. 

Chlorite,  a  very  important  variety  of  rock,  is  a  double  silicate  of  alumina 
and  magnesia,  with  variations  as  expressed  by  the  formula — 
4(MgFe)  0  .  (AlFe)j03.  2SiO,.  3H0  . 
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Basalt  is  a  feltlspathic  rock  containing  crystals  of  augite — 

4(CaMgFe)  0 .  5810^  . 

Gneiss  is  chemically  composed  lilce  granite,  but  the  mica  is  arranged  in 
regular  layers.  Trap  rock  contains  feldspar,  together  with  hornblende, 
which  consists  of  silicates  of  alumina,  lime,  magnesia,  and  oxide  of  iron. 
Hornblende  is  sometimes  found  replacing  the  mica  in  granite,  forming  the 
rock  called  syenite. 

Lapis  lazuli,  the  valuable  mineral  which  furnishes  the  natural  ultra- 
marme  used  m  painting,  consists  chiefly  of  silica  and  alumina,  which  con- 
stitute respectively  45  and  32  per  cent,  of  it,  but  there  are  also  present 
9  per  cent,  of  soda,  6  per  cent,  of  sulphuric  acid,  about  1  per  cent,  of  sul- 
phur, and  a  somewhat  smaller  quantity  of  iron,  together  with  a  variable 
proportion  of  lime.    The  cause  of  its  blue  colour  is  not  understood,  since 
neither  of  its  predominant  constituents  is  concerned  in  the  production  of 
such  a  colour  in  other  cases.    In  consequence  of  the  rarity  of  the  mineral, 
the  natural  ultramarine  bears  a  very  high  price,  but  the  artificial  ultramarine 
is  manufactured  in  very  large  quantities  at  a  low  cost,  and  forms  a  very 
good  imitation.    One  of  the  processes  for  preparing  it  consists  in  heating 
to  bright  redness  in  a  covered  crucible,  for  three  or  four  hours,  an  inti- 
mate mixture  of  100  parts  of  pure  white  clay  (kaolin),  100  of  dried  car- 
bonate of  soda,  60  of  sulphur,  and  12  of  charcoal.  This  would  be  expected 
to  yield  a  mixture  of  silicate  of  soda,  aluminate  of  soda,  and  sulphide  of 
sodium,  the  t^o  first  being  white,  and  the  latter  yellow  or  brown,  but  the 
mass  is  foun^  to  have  a  green  colour  {green  ultramarine).    It  is  finely 
powdered,  washed  with  water,  dried,  mixed  with  a  fifth  of  its  weight  of 
sulphur,  and  gently  roasted  in  a  thin  layer  till  the  sulphur  has  burnt  off, 
this  operation  being  repeated,  with  fi-esh  additions  of  sulphm^  tmtil  the 
residue  has  a  fine  blue  colour.    In  the  opinion  of  some  chemists,  the  pre 
sence  of  a  small  proportion  of  iron  is  essential  to  the  blue  colour,  while 
others  believe  the  colour  to  be  due  to  sulphide  of  sodium  or  hyposul- 
phite of  soda,  or  both.    Ultramarine  is  a  very  permanent  colour  imder 
ordinary  conditions  of  exposure  to  air  and  Hght,  but  acids  bleach  it  at 
once,  with  separation  of  gelatinous  silica  and  evolution  of  sulphuretted 
hydrogen.    Blue  writing-paper  is  often  coloured  with  ultramarine,  so  that 
its  colour  is  discharged  by  acids  falling  upon  it  in  the  laboratory.  Chlo- 
rine also  bleaches  ultramarine.    Starch  is  often  coloured  blue  with  this 
substance. 

Phosphates  of  alumina  are  found  naturally  in  several  forms.  Turquoise 
IS  a  hydrated  phosphate  of  alumina  (AW^ .  POJ,  owing  its  colour  to  the 
presence  of  oxide  of  copper.  Wavellite  has  the  composition  SAl^O^ .  2PO5. 
None  of  the  earlier  analysts  detected  the  phosphoric  acid  in  this  mineral, 
on  accoimt  of  the  difficulty  in  separating  it  from  the  alumina,  so  that 
even  in  comparatively  modem  chemical  works  it  is  described  as  a  hydrate 
of  alumina. 

200.  Equivalent  and]  atomic  loeights  of  aluminum. — The  chloride  of 
aluminum  has  been  found  Ijy  analysis  to  contain  35 '5  parts  by  woi<dit 
(1  eq.)  of  chlorine,  combined  with  9-16  parts  of  aluminum,  and  if  the 
chloride  of  aluminum  be  represented  as  a  protochlorido  (AlCl),  the  equi- 
valent of  this  metal  would  be  9-16.  But  when  the  chloride  of  aluminum 
is  decomposed  by  an  alkali,  it  furnishes  alumina  and  a  chloride  of  the 
alkali-metal.  If  the  formula  of  chloride  of  aluminum  were  really  AlCl 
the  action  of  potash,  for  example,  upon  it  must  bo  represented  by  the 
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equation  AlCl  +  KO  =  KCl  +  AlO  ;  so  that  AlO  would  represent  tlie 
formula  of  alumina.  The  very  strong  chemical  resemblance  of  alumina 
and  its  salts  to  sesquioxide  of  iron  (Fe.O,)  and  its  salts,  as  M-eU  as  the 
isomorphism  of  these  oxides  observed  in  the  alums  and  in  many  minerals 
(p  290)  compels  the  belief  that  alumina  is  also  a  sesquioxide,  and  that 
its  formula  is  AI2O3.  Its  formation  from  the  chloride  of  aluminum  by 
the  action  of  potash  must  then  be  represented  by— 

Al,Cl3    +    3K0    =    3KC1    +  Al,03 

so  that  the  chloride  of  aluminum  is  a  sesquichloride  (Aipy. 

Again,  referring  to  the  results  of  experiment,  3  eqs.  (35-5  x  3)  of 
chlorme  were  found  to  be  combined  with  27-48  parts  of  aluminum,  and 
if  this  represents  2  eqs.,  the  equivalent  of  aluminum  will  be  13-74,  though 
this  does  not  represent  correctly  the  weight  of  aluminum  which  displaces 
1  part  by  weight  of  hydrogen  from  its  compounds  (see  p.  23). 

The  volume  occupied  by  a  definite  weight  of  vapour  of  aluminum  bemg 
unknown,  the  atomic  weight  of  this  metal  must  be  deduced  from  other 
considerations.  The  specific  gravity  (or  weight  of  one  volume)  of  vapour 
of  chloride  of  aluminum  is  9-34.  It  has  been  seen  that  this  weight  of 
chloride  of  aluminum  contains  1-92  of  aluminum.  Hence, 

Weight  of  1  vol.  of  chloride  of  alumraum,  9-34 
aluminum  contained  in  it,  1-92 


chlortae  „  7'42 

Now,  1  vol.  of  chlorine  weighs  2-47,  so  that  7*42  represents  3  vols,  of 
chlorine;  and  if  it  be  assumed  that  1-92  represents  the  weight  of  1  vol.  of 
aluminum,  there  are  contained,  in  1  vol.  of  chloride  of  aluminum  vapour, 
1  vol  or  1  atom  of  aluminum,  and  3  vols,  or  3  atoms  of  chlorme.  But  it 
will  be  remembered  that  the  molecule  of  a  compound  body  is  generaUy 
taken  to  represent  2  vols.  (H  =  1  vol.),  and  therefore  1  molecule  or  2  vols 
of  chloride  of  aluminum  vapour  would  contam  2  vols,  or  2  atoms  ot 
aluminum,  and  6  vols,  or  6  atoms  of  chlorine.  These  6  atoms  of  chlorine  re- 
present (35-5  X  6)  213  parts  by  weight,  and  are  combined,  m  the  chloride, 
as  shown  by  analysis,  with  55-1  parts  by  weight  of  alummum  ;  so 
that  the  2  atoms  of  aluminum  in  the  chloride  represent  55-1  parts  by 
weight,  or  each  atom  of  aluminum  (Al)  weighs  27-5,  or  twice  as  much 
as  the  equivalent  accepted  above,  and  the  molecular  formula  of  the  cliloride 
of  aluminum  must  be  written  Al^Cl^.  The  atomic  heat  of  aluminum  sup-  ■ 
ports  the  assumption  of  the  mmiber  27-5  for  its  atomic  weight.  Smce,  m 
the  chloride  of  aluminum,  the  2  atoms  of  metal  stand  to  the  6  atoms  ot 
chlorme  in  the  place  of  6  atoms  of  hydrogen,  1  atom  of  aluminum  would 
represent  3  atoms  of  hydrogen,  and  the  metal  woiM  tn-atomic  or  ter- 
equivalent.    The  atomic  formula  of  alumma  would  be  Al!t^3(t^  -  lb;. 


Gluoinum. 

201.  This  comparatively  rare  metal  (which  derives  its  naine  from  the  sweet  taste  of 
its  salts,  sweet)  is  found  associated  with  silica  and  alumma  m  the  m^^^^^^ 

which  is  a  double  silicate  of  alumina  and  glucina,  AlgOj  •  rfbiU,,  ^l^J"  •  '?"^2;.  '  „ 
appears  to  owe  its  colour  to  the  presence  of  a  minute  quantity  of  oxide  of  chromium. 
The  more  common  mineral  beryl  has  a  similar  composition,  but  is  ot  a  Pa'er  f*^" 
colour,  apparently  caused  by  protoxide  of  iron.    Chrysoberyl  consists  ot  glucina  anu 
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alumina,  also  coloured  by  iron.  The  earlier  analysts  of  these  minerals  mistook  the 
glucina  for  alumina,  which  it  resembles  in  forming  a  gelatinous  precipitate  on  add- 
ing ammonia  to  its  solutions,  but  it  is  a  stronger  base  than  alumina,  and  is  there- 
fore capable  of  displacing  ammonia  from  its  salts,  and  of  being  dissolved  by  them. 
Carbonate  of  ammonia  is  employed  to  separate  the  glucina  from  alumina,  since  it  dis- 
solves the  glucina  in  the  cold,  forming  a  double  carbonate  of  glucina  and  ammonia, 
from  which  the  carbonate  of  glucina  is  precipitated  on  boiling.  Glucina  (GIO)  is 
intermediate  in  properties  between  alumina  and  magnesia,  resembling  the  latter  in 
its  tendency  to  absorb  carbonic  acid  from  the  air,  and  to  form  soluble  double  salts 
with  the  salts  of  ammonia,  and  so  much  resembling  alumina  in  the  gelatinous  form 
of  its  hydrate,  its  solubility  in  alkalies,  and  the  sweet  astringent  taste  of  its  salts  , 
that  it  was  formerly  regarded  as  a  sesquioxide  like  alumina. 
The  metal  itself  is  very  similar  to  aluminum. 

202.  Thoeinum  is  present  in  a  rare  Norwegian  mineral,  thorite,  where  it  is  asso- 
ciated with  silica,  lime,  magnesia,  and  other  metallic  oxides.  The  metal  itself  is 
similar  to  aluminum,  but  its  oxide  thorina  appears  to  be  a  protoxide  (ThO),  and 
diflers  from  alumina  and  glucina  in  being  insoluble  in  the  alkalies  (potash,  for  ex- 
ample), though  it  dissolves  in  carbonate  of  potash.  Moreover,  the  sulphate  of  thorina, 
is  sparingly  soluble  in  hot  water,  so  that  it  is  precipitated  on  boiling  its  solution. 

203.  Ttteium,  eebium,  and  teebium,  are  very  rare  metals  found  in  gadolinite,  a 
mineral  silicate  occurring  at  Ttterby  in  Sweden,  and  containing  beside  these,  glu- 
cinum,  cerium,  and  iron.  Their  oxides,  yttria  (YO),  erbia,  and  terbia,  resemble 
thorina  in  being  insoluble  in  the  alkalies,  but  soluble  in  their  carbonates  ;  yttria  is 
white,  but  erbia  has  a  yellow  colour.  The  salts  of  yttria  and  erbia  are  colourless, 
but  those  of  terbia  are  pinkish. 

204.  Ceeium  is  also  found  in  gadolinite,  but  more  abundantly  in  cerite,  which  is 
essentially  a  silicate  of  cerium.  This  metal  has  been  employed  medicinally,  in  the 
form  of  oxalate  of  cerium  (CeO  .  CgO.,  .  3H0).  It  forms  two  basic  oxides,  CeO,  which 
is  white,  and  forms  colourless  salts,  and  CogOj,  which  is  yellow,  and  gives  yellow 
or  red  salts.  In  this  respect,  cerium  more  nearly  resembles  iron  than  aluminum. 
These  oxides  of  cerium  are  insoluble  in  the  alkalies  ;  the  protoxide  is  easily  preci- 
pitated from  its  salts  by  oxalic  acid  in  the  form  of  the  oxalate  mentioned  above. 
Sesquioxide  of  cerium  does  not  appear  to  form  a  corresponding  chloride,  but 
yields  protochloride  of  cerium  and  free  chlorine  when  heated  with  hydrochloric 
acid. 

Lanthanium  (from  Xavfaia,  to  escape  notice)  is  also  found  in  cerite,  but  it  diifers 
from  cerium  in  forming  only  one  oxide  (LaO),  which  is  white  in  the  hydrated,  but 
buflf  in  the  anhydrous  state.  When  a  mixture  of  nitrates  of  cerium  and  lanthanium 
is  calcined,  sesquioxide  of  cerium  and  oxide  of  lanthanium  are  left,  and  may  be 
separated  by  treatment  with  nitric  acid,  diluted  with  100  parts  of  water,  which  dis- 
solves only  the  latter. 

DiDYMiuM  (Viivfios,  twin)  is  very  similar  to  lanthanium,  which  is  associated  with  it 
in  cerite.  It  also  forms  but  one  oxide  (DiO),  which  is  violet  when  hydrated,  and 
brown  when  anhydrous.  It  is  insoluble  in  potash.  The  salts  of  didymium  are 
either  pink  or  violet. 

205.  ZiECONiUM  exists  in  the  rare  minerals  zircon  and  hyacinth,  in  which  its  oxide 
zirconia  (ZrOj)  is  combined  with  silicic  acid.  Zirconia  is  somewhat  similar  to 
alumina,  but  is  insoluble  in  potash,  and  dissolves  in  carbonate  of  potash.  Its  sul- 
phate, moreover,  is  decomposed  by  boiling  with  sulphate  of  potash,  which  removes 
part  of  the  sulphuric  acid,  forming  bisulphate  of  potash,  and  precipitates  basic 
sulphate  of  zirconia.  Metallic  zirconium  somewhat  resembles  amorphous  silicon, 
but  it  decomposes  water  slowly  at  the  boiling  point,  and  has  not  been  fused. 
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ZINC. 

206.  Zinc  occupies  a  high  position  among  useful  metals,  being  peculiarly 
fitted,  on  account  of  its  lightness,  for  the  construction  of  gutters,  water- 
pipes,  and  roofs  of  huildings,  and  possessing  for  these  purposes  a  great 
advantage  over  lead,  since  the  specific  gravity  of  the  latter  metal  is  about 
1 1  -5,  whilst  that  of  zinc  is  only  6-9.  For  such  applications  as  these,  where 
great  strength  is  not  required,  zinc  is  preferable  to  iron,  on  account  of  its 
superior  malleability  ;  for  although  a  bar  of  zinc  breaks  under  the  ham- 
mer at  the  ordinary  temperature,  it  becomes  so  malleable  at  250°  F.  as  to 
admit  of  being  rolled  into  thin  sheets.  This  malleability  of  zinc  when 
heated  was  discovered  only  in  the  commencement  of  this  century,  until 
which  time  the  only  use  of  the  metal  was  in  the  manufacture  of  brass. 
When  zinc  is  heated  to  400°  F.,  it  again  becomes  brittle.  The  easy 
fusibility  of  zinc  also  gives  it  a  great  advantage  over  iron,  as  rendering  it 
easy  to  be  cast  into  any  desired  form ;  indeed,  zinc  is  surpassed  in 
fusibility  (among  the  metals  in  ordinary  use)  only  by  tin  and  lead,  its 
melting  point  being  below  a  red  heat,  and  usually  estimated  at  770'^  F. 
Zinc  is  also  less  liable  than  iron  to  corrosion  under  the  influence  of  moist 
air,  for  although  a  bright  surface  of  zinc  soon  tarnishes  when  exposed  to 
the  air,  it  merely  becomes  covered  with  a  thin  film  of  oxide  of  zinc  (pass- 
ing gradually  into  basic  carbonate,  by  absorption  of  carbonic  acid  from  the 
air)  which  protects  the  metal  from  further  action. 

The  great  strength  of  iron  has  been  ingeniously  combined  with  the 
durability  of  zinc,  in  the  so-called  galvanised  iron,  which  is  made  by  coat- 
ing clean  iron  with  melted  ziuc,  thus  affording  a  protection  much  needed 
in  and  around  large  towns,  where  the  sulphurous  and  sulphuric  acids 
arising  from  the  combustion  of  coal,  and  the  acid  emanations  from  various 
factories,  greatly  accelerate  the  corrosion  of  unprotected  iron.  The  iron 
plates  to  be  coated  are  first  thoroughly  cleansed  by  a  process  which  will  be 
more  particularly  noticed  in  the  manufacture  of  tin-plate,  and  are  then 
dipped  into  a  vessel  of  melted  zinc,  the  surface  of  which  is  coated  with 
sal-ammoniac  (hydrochlorate  of  ammonia)  in  order  to  dissolve  the  oxide  of 
zinc  which  forms  upon  the  surface  of  the  melted  metal,  and  might  adhere 
to  the  iron  plate  so  as  to  prevent  its  becoming  uniformly  coated  with  the 
zinc  (ZnO  +  NH3.HCI  =  ZnCl  +  NH3  +  HO).  A  more  firmly  ad- 
herent coating  of  zinc  is  obtained  by  first  depositing  a  thin  film  of  tin 
upon  the  surface  of  the  iron  plate  by  galvanic  action,  and  hence  the  name 
of  galvanised  iron. 

The  ores  of  zinc  are  found  pretty  abundantly  in  England,  chiefly  in  the 
Mendip  Hills  in  Somersetshire,  at  Alston  Moor  in  Cumberland,  in  Corn- 
wall and  Derbyshire,  but  the  gi-eater  part  of  the  zinc  used  in  this  country 
is  imported  from  Belgium  and  Germany,  being  derived  from  the  ores  of 
Transylvania,  Hungary,  and  Silesia. 

Metallic  zinc  is  never  met  with  in  nature.  Its  chief  ores  are  calamine 
or  carbonate  of  zinc  (ZnO.  CO^),  hlende  or  sulpiride  of  zinc  (ZnS),  and 
red  zinc  ore,  in  which  oxide  of  zinc  (ZnO)  is  associated  with  the  oxides  of 
iron  and  manganese. 

Calamine  is  so  called  from  its  tendency  to  form  masses  resembling  a 
bundle  of  reeds  {calamus,  a  reed).  It  is  found  in  considerable  quantities 
in  Somersetsliii-e,  Cumberland,  and  Derbyshu-e.  The  mineral  known  as 
electric  calamine  is  a  silicate  of  zinc  (2ZnO .  SiO^.  HO).    Blende  derives 
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its  name  from  the  German  blenden,  to  dazzle,  in  allusion  to  the  brilliancy 
of  its  crystals,  which  are  generally  almost  black  from  the  presence  of  sul- 
phide of  iron,  the  true  colour  of  pure  sulphide  of  zinc  being  white. 
Blende  is  found  in  Cornwall,  Cumberland,  Derbyshii-e,  Wales,  and  the 
Isle  of  Man,  and  is  generally  associated  with  galena  or  sulphide  of  lead, 
which  is  always  carefully  picked  out  of  the  ore  before  smelting  it,  since  it 
would  become  converted  into  oxide  of  lead,  which  corrodes  the  earthen 
crucibles  employed  in  the  process. 

In  England,  the  extraction  of  zinc  from  its  ores  is  carried  on  chiefly  at 
Bristol,  Birmingham,  and  Sheffield.  Before  extracting  the  metal  from 
these  ores,  they  are  subjected  to  a  preliminary  treatment  which  brings 
them  both  to  the  condition  of  oxide  of  zinc.  For  this  purpose  the  cala- 
mine is  simply  calcined  in  a  reverberatory  furnace,  in  order  to  expel  the 
carbonic  acid ;  but  the  blende  is  roasted  for  ten  or  twelve  hours  with  con- 
stant stii'ring,  so  as  to  expose  fresh  surfaces  to  the  air,  when  the  sulphur 
passes  off  in  the  form  of  sulphurous  acid,  and  its  place  is  taken  by  the 
oxygen,  the  ZnS  becoming  ZnO.  The  extraction  of  the  metal  from  this 
oxide  of  zinc  depends  upon  the  circumstance  that  zinc  is  capable  of  being 
distilled  at  a  bright  red  heat,  its  boiling  point  being  1904°  F. 

The  facility  with  which  this  metal  passes  off  in  the  form  of  vapour  is 
seen  when  it  is  melted  in  a  ladle  over  a  brisk  fire,  for  at  a  bright  red 
heat  abundance  of  vapour  rises  from  it,  which,  taking  fire  in  the  air,  burns 
with  a  brilliant  greenish  white  light,  throwing  off  into  the  air  numerous 
white  flakes  of  light  oxide  of  zinc  (the  philosopher's  wool,  or  nil  album 
of  the  old  chemists). 

The  distillation  of  zinc  may  be  effected  on  the  small  scale  in  a  black-lead  crucible 
(A,  tig.  224)  about  5  inches  high  and  3  in  diameter.  A  hole  is  drilled  through  the 
bottom  with  a  round  file,  and  into  this  is  fitted  a  piece 
of  wrought-iron  gas-pipe  (B)  about  9  inches  long  and  1 
inch  wide,  so  as  to  reach  nearly  to  the  top  of  the  inside 
of  the  crucible.  Any  crevices  between  the  pipe  and  the 
sides  of  the  hole  are  carefully  stopped  up  with  fire-clay 
moistened  with  solution  of  borax.  A  few  ounces  of  zinc 
are  introduced  into  the  crucible,  the  cover  of  which  is 
then  carefully  cemented  on  with  fire-clay  (a  little  borax 
being  added  to  bind  it  together  at  a  high  temperature), 
and  the  hole  in  the  cover  is  stopped  up  with  fire  clay. 
The  crucible  having  been  kept  for  several  hours  in  a 
warm  place,  so  that  the  clay  may  dry,  it  is  placed  in  a 
cylindrical  furnace  with  a  hole  at  the  bottom,  through 
which  the  iron  pipe  may  pass,  and  a  lateral  opening 
into  which  is  inserted  an  iron  tube  (C)  connected  with 
a  forge  bellows.  Some  lighted  charcoal  is  thrown  into 
the  furnace,  and  when  this  has  been  blown  into  a  blaze, 
the  furnace  is  filled  up  with  coke  broken  into  small 
pieces.  The  fire  is  then  blown  till  the  zinc  distils  freely 
into  a  vessel  of  water  placed  for  its  reception.  Four 
ounces  of  zinc  may  be  easily  distilled  in  half-an-hour. 

English  method  of  extractinri  zinc—Tha  oxide  of  zinc,  obtained  as  above 
from  calamine  or  blende,  is  mixed  with  about  half  its  weight  of  coke  or  an- 
thracite coal.  This  mixture  is  introduced  into  large  crucibles  (fig.  225)  Avith 
a  hole  in  the  bottom,  through  which  passes  a  short  wide  iron  pipe  destined 
for  the  passage  of  the  vapour  of  zinc.  These  crucibles  are  about  4  feet  high 
by  2^-  feet  wide.  Some  large  pieces  of  coke  are  first  introduced  into  them 
to  prevent  the  charge  from  passing  into  the  iron  pipes,  and  when  they  have 
been  charged  with  the  above  mixture,  their  covers  are  cemented  on,  and 


Fig.  224.— Distillation  of 
zinc. 
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they  are  heated  in  furnaces  somewhat  resembling  those  of  a  glass-house, 
each  furnace  receiving  six  crucibles,  which  generally  contain,  in  aU,  one 
ton  of  roasted  ore.  When  the  mixture  in  the  crucibles  is  heated  to  red- 
ness, it  begins  to  evolve  carbonic  oxide,  produced  by  the  combiuation  of 
the  carbon  with  the  oxygen  from  the  oxide  of  zinc.  This  gas  burns  with 
a  blue  flame  at  the  mouth  of  the  ii'on  pipe  ;  but  at  a  bright  red  heat  the 
metaUic  zinc  which  has  been  thus  liberated  is  converted  into  vapour,  and 
the  greenish-Avhite  flame  of  burning  zinc  is  perceived  at  the  orifice. 

"When  this  is  the  case,  about  8  feet  of 
iron  j)ipe  are  joiaed  on  to  the  short 
piece,  in  order  to  condense  the  vapour 
of  zinc,  which  faUs  iato  a  vessel  pkced 
for  its  reception.  The  distillation  occu- 
pies about  sixty  hours,  and  the  average 
yield  is  about  35  parts  of  ziuc  from  100 
of  ore,  a  considerable  quantity  of  ziuc 
being  left  behind  in  the  form  of  silicate 
of  zinc  (electric  calamine),  which  is  not 
reduced  by  distillation  with  carbon. 

The  zinc  thus  obtained,  however,  is 
mixed  with  a  considerable  quantity  of 
oxide  of  zinc,  and  with  other  foreign 
matters  carried  over  from  the  crucibles. 
It  is,  therefore,  again  melted  in  a  large 
iron  pan,  and  allowed  to  rest,  in  order 
that  the  dross  may  rise  to  the  surface ; 
this  is  skimmed  off,  to  be  worked  over 
again  in  a  fresh  operation,  and  the  metal 
is  cast  into  ingots,  which  are  sent  into  commerce  under  the  name  of 
spelter. 

Belgian  process  for  the  extraction  of  zinc. — At  the  VieUle-Montagne 
works,  near  Li^ge,  calamine  is  exposed  to  the  rain  for  several  months  in 
order  to  wash  out  the  clay ;  it  is  then  calcined  to  expel 
the  water  and  carbonic  acid,  the  oxide  of  zinc  so  ob- 
tained being  mixed  with  half  its  weight  of  coal  dust, 
and  distilled  in  fire-clay  cylinders  (C,  fig.  226),  hold- 
ing about  40  lbs.  each,  and  set  in  seven  tiers  of  six 
each  in  the  same  furnace,  the  vapour  of  zinc  being 
conveyed  by  a  short  conical  iron  pipe  (B)  into  a 
conical  iron  receiver  (D),  which  is  emptied  every  two 
hours  into  a  large  ladle,  from  which  the  zinc  is  poured 
into  ingot-moulds.  Each  distUlatiou  occupies  about 
twelve  hours.  The  advantage  of  this  particular  mode 
of  arranging  the  cylinders  is,  that  it  economises  fuel 
by  allowing  the  poorer  ores,  wliich  require  less  lieat 
to  distil  all  the  zinc  from  them,  to  be  introduced  into 
the  upper  rows  of  cylinders  farthest  from  the  fu'e  (A). 
There  are  two  varieties  of  Belgian  ore,  one  containing 
33  and  the  other  46  per  cent,  of  zinc,  but  a  large  proportion  of  tliis  is  in 
the  form  of  siUcate,  which  is  not  extracted  by  the  distillation. 

Silesian  process  for  extracting  zinc. — In  Silesia,  the  oxide  of  zinc  ob- 
tained by  the  calcination  of  calamine  is  mixed  with  fine  cinders,  and  dis- 
tilled in  arched  eartlien  retorts  (A,  fig.  227),  into  which  the  charge  is 


225. — Englist  zinc  furnace. 


Fig.  226.— Belgian 
zinc  fui-nace. 
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Fig.  227. 


introduced  through  a  small  door  (B),  which  is  then  cemented  up.  These 
retorts  are  ari'anged  in  a  double  row  in  the  same  fiu'nace  (fig.  228),  and 
the  vapour  of  zinc  is  con- 
densed in  a  bent  earthen- 
ware pipe  attached  to  each 
retort,  and  having  an 
opening  (C)  near  the  bend, 
which  is  kept  closed,  un- 
less it  is  necessary  to  clear 
out  the  pipe.    In  regard 

to  the  consumption  of  fuel,  this  process  is  far  more  economical  than  that 
followed  in  this  country.  The  Silesian  zinc  is  remelted,  before  casting 
into  ingots,  in  clay  in- 
stead of  iron  pots,  since 
melted  zinc  always  dis- 
solves iron,  and  a  very 
small  quantity  of  that 
metal  is  found  to  injure 
zinc  when  required  for 
rolling  into  sheets. 


A  small  qiiantity  of 
lead  always  distils  over 
together  with  the  zinc, 
and  since  this  metal  also 
interferes  with  the  roll- 
ing of  zinc  into  sheets. 


Fig.  228. — Silesian  zxac  furnace. 


a  portion  of  it  is  separated  from  ziuc  iatended  for  this  purpose,  by  melting 
the  spelter,  in  large  quantity,  upon  the  hearth  of  a  reverberatory  furnace, 
the  bed  of  which  is  inclined  so  as  to  form  a  deep  cavity  at  the  end  nearest 
the  chimney.  '  The  specihc  gravity  of  lead  being  1 1  -4,  whilst  that  of  zinc 
is  6-9,  the  former  accumulates  chiefly  at  the  bottom  of  the  cavity,  and 
the  ingots  cast  from  the  upper  part  of  the  melted  zinc  will  contain  but 
little  lead. 

Ingots  of  zinc,  when  broken  across,  exbibit  a  beautiful  crystalline  frac- 
ture, which,  taken  in  conjunction  with  the  bluish  colour  of  the  metal, 
enables  it  to  be  easily  identified. 

The  spelter  of  commerce  is  liable  to  contain  lead,  iron,  tin,  antimony, 
arsenic,  copper,  and  cadmium. 

Zinc  being  easily  dissolved  by  diluted  acids,  it  is  necessary  to  be  care- 
ful in  employing  this  metal  for  culinary  purposes,  since  its  soluble  salts 
are  poisonous. 

It  wiU  be  remembered  that  the  action  of  diluted  sulphiuic  acid  upon 
zinc  is  employed  for  the  preparation  of  hydi'ogen.  Pure  zinc,  however, 
evolves  hydrogen  very  slowly,  since  it  becomes  covered  with  a  number  of 
hydrogen  bubbles  which  protect  it  from  further  action;  but  if  a  piece  of 
copper  or  platinum  be  made  to  touch  the  zinc  beneath  the  acid,  these 
metals,  being  electronegative  towards  the  zinc,  will  attract  the  electroposi- 
tive hydrogen,  leaving  the  zinc  free  from  bubbles  and  exposed  on  all 
points  to  the  action  of  the  acid,  so  that  a  continuous  disengagement  of 
hydrogen  is  maintained.  As  a  curious  illustration  of  this,  a  thin  sheet  of 
platinum  or  silver  foil  may  be  shown  to  sink  in  diluted  sulphuric  acid 
untU  it  comes  in  contact  with  a  piece  of  zinc,  when  the  bubbles  of  hydro- 
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gen  bring  it  up  to  tbe  surface.  Tbe  lead,  iron,  &c.,  met  with  in  commer- 
cial zinclire  electronegative  to  the  zinc,  and  thus  serve  to  maintain  a  con- 
stant evolution  of  hydrogen. 

A  coating  of  metallic  zinc  may  be  deposited  upon  copper  by  slow  gal- 
vanic action  if  the  copper  be  immersed  in  a  concentrated  solution  of 
potash,  at  the  boiling  point  of  water,  in  contact  with  metallic  zinc,  when 
a  portion  of  the  latter  is  dissolved  in  the  form  of  oxide,  with  evolution  of 
hydrogen,  and  is  afterwards  precipitated  on  the  surface  of  the  electro- 
negative copper. 

Oxide  of  zinc. — Zinc  forms  but  one  oxide,  which  is  known  in  commerce 
as  zinc-ivhife,  and  is  prepared  by  allowing  the  vapour  of  the  metal  to  burn 
in  earthen  chambers  through  which  a  current  of  air  is  maintained.  T]iis 
zinc-white  is  sometimes  used  for  painting  in  place  of  white  lead  (carbonate 
of  lead),  over  which  it  has  the  advantages  of  not  injuring  the  health  of 
the  persons  using  it,  and  of  being  unaffected  by  sulphuretted  hydrogen, 
an  important  consideration  in  manufacturing  towns  where  that  substance 
is  so  abundantly  supplied  to  the  atmosphere.  Unfortunately,  however, 
the  oxide  of  zinc  does  not  combine  with  the  oil  of  the  paint,  as  oxide  of 
lead  does,  and  the  paint  is  consequently  more  liable  to  peel  off.  The 
oxide  of  zinc  has  the  characteristic  property  of  becoming  yeUow  when 
heated,  and  white  again  as  it  cools.  It  is  sometimes  used  in  the  manu- 
facture of  glass  for  optical  purposes. 

Oxide  of  zinc  forms  a  soluble  compound  with  potash,  in  this  respect 
resembling  alumina,  and  therefore  metallic  zinc,  like  aluminum,  is  dis- 
solved by  boiling  with  solution  of  potash,  hydrogen  being  disengaged 
from  the  water,  the  oxygen  of  which  combines  with  the  zinc. 

The  sulphate  of  zinc  or  ivJiite  vitriol,  wliich  is  employed  in  medicine, 
and  more  extensively  in  calico-printing,  is  prepared  by  roasting  blende 
(sulphide  of  zinc,  ZnS)  at  a  low  temperature,  when  both  its  elements  com- 
bine with  oxygen,  the  oxide  of  zinc  and  sulplumc  acid  thus  produced 
remaining  in  combination  as  sulphate  of  oxide  of  zinc  (ZnO .  SO3).  After 
roasting,  the  mass  is  treated  with  water,  which  dissolves  the  sulphate,  and 
yields  it  again,  on  evaporation,  in  prismatic  crystals  having  the  formula 
ZnO  .  SO3 .  HO  +  6Aq. 

Chloride  of  zinc,  (ZnCl),  prepared  by  dissolving  zinc  in_  hydrochloric 
acid,  is  known  in  commerce  as  Burnetts  disinfecting  fluid,  since  it  is  cap- 
able of  absorbing  hydrosulphuric  acid,  ammonia,  and  other  offensive  pro- 
ducts of  putrefaction,  and  arrests  the  decomposition  of  wood  and  animal 
substances.  By  evaporating  its  solution,  the  chloride  of  zinc  is  obtained 
in  a  fused  state,  and  solidifies  on  cooling  into  wliite  deliquescent  masses. 
It  has  a  very  powerful  attraction  for  water. 

207.  Equivalent  and  atomic  tveights  of  zinc. — When  zinc  is  dissolved 
in  hydrochloric  acid,  32-5  parts  by  weight  of  zinc  displace  1  part  of 
hydrogen;  hence  32-5  represents  the  equivalent  of  zinc.  Considerations 
similar  to  those  referred  to  in  the  case  of  magnesium  (p.  284)  have  induced 
most  chemists  to  regard  the  atomic  weight  of  zinc  as  65,  or  double  its 
equivalent,  so  that  zinc  is  a  bi-equivalent  or  di-atomic  metal,  and  the 
atomic  formida  of  its  oxide  is  :&nO,  (2n  =  65,  O  =  16),  and  that  of  its 
chloride  SnCl2. 


INDIUM — URANIUM. 


299 


CADMIUM. 

208.  This  metal  is  found  in  small  quantities  in  the  ores  of  zinc,  its 
presence  being  indicated  during  the  extraction  of  that  metal  (p.  296)  by 
the  appearance  of  a  brown  flame  [brown  blaze)  at  the  commencement  of 
the  distillation,  before  the  characteristic  zinc-flame  [blue  blaze)  is  seen  at 
the  orifice  of  the  iron  tube.  Cadmium  is  more  easily  vaporised  than  zinc 
(boiling  at  1580°  F.),  so  that  the  bulk  of  it  is  found  in  the  first  portions 
of  the  distilled  metal.  If  the  mixture  of  cadmium  and  zinc  be  dissolved 
in  diluted  sulphuric  acid,  and  the  solution  treated  with  hydrosulphuric 
acid  gas,  a  bright  yeUow  precipitate  of  sulphide  nf  cadmium  (CdS)  is  ob- 
tained, which  is  employed  in  painting  under  the  name  of  cadmia.  By 
dissolving  this  in  strong  hydrochloric  acid  and  adding  carbonate  of  am- 
monia, the  carbonate  of  cadmium  (CdO .  COj)  is  precipitated,  from  which 
metaUic  cadmium  may  be  extracted  by  distillation  with  charcoal. 

Although  resembling  zinc  in  its  volatility  and  its  chemical  relations,  in 
appearance  it  is  much  more  similar  to  tin,  and  emits  a  crackling  sound 
like  that  metal  when  bent.  Like  tin,  also,  it  is  malleable  and  ductile  at 
the  ordinary  temperature,  and  becomes  brittle  at  about  180°  F.  It  is 
even  more  fusible  than  tin,  becoming  liquid  at  242°  T.,  so  that  it  is  useful 
for  making  fusible  alloys.  An  aUoy  of  3  parts  of  cadmium  with  15  of 
bismuth,  8  of  lead,  and  4  of  tin,  fuses  at  140°  F.  In  its  behaviour  with 
acids  and  alkalies  cadmiimi  is  similar  to  zinc,  but  the  metal  is  easily  dis- 
tinguished from  all  others  by  its  yielding  a  characteristic  chestnut-brown 
oxide  when  heated  in  air.   This  oxide  (CdO)  is  the  only  oxide  of  cadmium. 

The  iodide  of  cadmium  (Cdl),  obtained  by  the  action  of  iodine  upon 
the  metal  in  the  presence  of  water,  is  employed  in  photography. 

The  equivalent  weight  of  cadmium,  deduced  from  the  analysis  of  its 
chloride,  is  56.  The  specific  gravity  (or  weight  of  one  volume)  of  vapour 
of  cadmium  is  3 '94,  or  57  times  that  of  hydrogen.  If  one  vol.  of  hydro- 
gen be  represented  as  1  atom,  weighing  1 ,  then  1  vol.  of  cadmium  vapour 
(or  one  atom)  would  weigh  57  j  or  allowing  for  error  in  the  troublesome 
experiment  of  determining  the  specific  gravity  of  its  vapour,  the  atom  of 
cadmium  would  be  represented  by  a  number  identical  with  its  equivalent 
weight.  The  specific  heat  of  cadmium,  however,  as  well  as  its  general 
chemical  relations,  favour  the  view  that  it  is  a  di-atomic  metal  like  zinc, 
its  atomic  weight  being  112. 

Indium  is  the  name  of  a  metal  which  has  recently  been  discovered,  with  the  help 
of  the  spectroscope,  in  a  specimen  of  blende  from  Freiberg.  Its  name  refers  to  an 
indigo  blue  line  in  the  spectrum.  The  examination  of  the  metal  is  as  yet  imper- 
fect, but  it  is  white,  malleable,  and  dissolves,  like  zinc  and  cadmium,  in  hydro- 
chloric acid.  Its  specific  gravity  is  7-36.  To  extract  indium  from  the  Freiberg 
zinc,  the  metal  is  boiled  with  dilute  sulphuric  acid,  employed  in  such  quantity  as  to 
leave  part  of  the  zinc  undissolved,  together  with  indium  and  lead.  Tlie  residue  is 
dissolved  in  nitric  acid,  the  lead  and  cadmium  precipitated  by  hydrosulphuric  acid, 
the  latter  expelled  by  boiling,  and  the  oxide  of  indium  precipitated  from  tho 
solution  by  carbonate  of  baryta.  "When  this  precipitate  is  dissolved  in  hydrochloric 
acid,  and  excess  of  ammonia  added,  tho  white  hydrated  oxide  of  indium  is  precipi- 
tated, and  may  be  reduced  by  heating  in  hydrogen. 

At  a  bright  red  heat  it  burns  with  a  violet  blue  flame,  yielding  a  yellow  oxide  of 
indium,  InO. 

Tho  equivalent  of  indium  appears  to  be  about  36. 

209.  Ukanium.— This  is  a  rare  metal,  never  employed  in  the  metallic  state,  but 
in  the  form  of  sesquioxide  (UjOg)  and  black  oxide  "(2U0 .  UjO,),  for  imparting 
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yellow  and  black  colours  respectively  to  glass  and  porcelain.  The  chief  source  of 
these  compounds  is  the  mineral  pitch-blende,  which  contains  a  large  proportion  of 
black  oxide  of  uranium,  together  with  silica,  iron,  copper,  lead,  and  arsenic.  In  its 
chemical  relations  uranium  presents  some  similarity  to  iron  and  manganese.  It 
forms  two  distinct  oxides,  UO  and  UgO,,  of  which  the  former  is  decidedly  basic, 
wliilst  the  latter  is  capable  of  acting  both  as  an  acid  and  a  base.  The  bright 
greenish-yellow  colour  of  the  salts  of  the  sesquioxide  of  uranium  is  characteristic  of 
the  metal,  and  glass  coloured  with  this  oxide  exhibits  the  remarkable  optical  effect 
of  fluorescence  in  a  very  high  degree. 

IRON. 

210.  This  most  useful  of  aU  metals  is  one  of  those  most  mdely  and 
abundantly  diffused  in  nature.  It  is  to  he  found  in  nearly  all  forms  of 
rock,  clay,  sand,  and  earth,  its  presence  in  these  being  commonly  indi- 
cated by  their  colours,  for  iron  is  the  commonest  of  natural  mineral 
colouring  ingredients.  It  is  also  found,  though  in  small  proportion,  in 
plants,  and  in  larger  quantity  in  the  bodies  of  animals,  especially  in  the 
blood,  which  contains  about  0-5  per  cent,  of  iron  in  very  intimate  associ- 
ation with  its  colouring  matter. 

But  iron  is  very  rarely  foimd  in  the  metallic  state  iu  nature,  being 
almost  invariably  combined  either  with  oxygen  or  sulphur. 

Metallic  iron  is  met  with,  however,  in  the  meteorites  or  metallic  masses, 
sometimes  of  enormous  size,  and  of  unknown  origin,  which  occasionally 
fall  iipon  the  earth.  Of  these  iron  is  the  cliief  component,  but  there  are 
also  generally  present,  cobalt,  nickel,  chromium,  manganese,  copper,  tin, 
magnesium,  carbon,  phosphorus,  and  sulphur. 

The  chief  forms  of  combination  in  which  iron  is  found  in  sufficient 
abundance  to  render  them  available  as  sources  of  the  metal,  are  shown  in 
the  following  table  : — 

Ores  of  Iron. 


Common  Name. 

Chemical  Name. 

Composition. 

Magnetic  iron  ore 

Protosesquioxide  of  iron 

Fe30, 

Red  haematite 

Sesquioxide  of  iron 

FeA 

Specular  iron 

>i  }) 

Brown  haematite 

Hydrated  sesquioxide 

2Fe203-3HO 

Spathic  iron  ore 

Carbonate  of  iron 

FeO .  CO2 

Clay  iron-stone 

f  Carbonate  of  iron  with 

I  clay 

(  Carbonate  of  iron  with 

Blackband 

<     clay  and  bituminous 
\  matter 

Iron  pjrrites 

Bisulphide  of  iron. 

FeS2 

These  ores  are  frequently  associated  with  extraneous  minerals,  some  of 
the  constituents  of  which  are  productive  of  injury  to  the  quahty  of  the 
iron.  It  is  worthy  of  notice  that  scarcely  one  of  the  ores  of  iron  is 
entirely  free  from  sulphur  and  phosphorus,  substances  which  will  be  seen 
to  have  a  very  serious  influence  on  the  quahty  of  the  iron  extracted  from 
them,  and  the  presence  of  which  increases  the  difficulty  of  obtaining  the 
metal  in  a  marketable  condition. 

The  following  table  illustrates  the  general  composition  of  the  most  im- 
portant English  ores  of  iron,  with  reference  to  the  proportions  of  iron,  and 
of  those  substances  which  materially  influence  tlie  character  of  the  iron 
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extracted  from  the  ore,  viz.,  manganese  (present  as  oxide  or  carbonate), 
phosphorus  (present  as  phosphoric  acid),  and  sulphur  (present  as  bisul- 
phide of  iron).  The  maximum  and  minimimi  quantities  found  in  each 
ore  are  specified. 


British  Iron  Ores.* 


In  100  parts. 

Iron. 

Oxide  of 
Manganese. 

Phosphoric 
Acid. 

Bisulphide 
of  Iron. 
(Pyrites.) 

No.  of 
Samples 
Analysed. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Clay  iron-stone  from  coal-measiu'es, 

43-30 

20-95 

3-30 

0-4G 

1-42 

0-07 

1-21 

0 

77 

Clay  iron-stone  from  the  lias, 

4917 

17-34 

1-30 

0 

6-05 

0 

1-60 

0 

12 

Brown  hffimatite,  .... 

63-04 

11-98 

1-60 

trace 

3-17 

0 

0-30 

0 

23 

Red  hasmatite,  .... 

69-10 

47-47 

1-13 

trace 

trace 

trace 

0-06 

0 

5 

Spathic  ore,  

49-78 

13-98 

12-64 

1-93 

0-22 

0 

0-11 

0. 

6 

67 

01 

0 

14 

0 

-10 

0-07 

I 

From  this  table  it  will  be  gathered  that,  among  the  most  abundant  of  ' 
the  iron  ores  of  this  country,  red  haematite  is  the  richest  and  purest, 
whilst  the  brown  htematite  often  contains  considerable  proportions  of 
sulphur  and  phosphorus,  and  the  spathic  ore,  though  containing  little 
sulphur  and  phosphorus,  often  contains  much  manganese. 

The  argillaceous  ores,  or  clay  iron-stones,  found  in  the  lias  contain  more 
phosphoric  acid  than  those  from  the  coal-measm-es ;  and  these  latter,  as  a 
general  rule,  contain  more  sulphur  (pyrites)  than  the  former,  although  the 
maximum  in  the  table  does  not  show  this. 

Clci]/  iron-stone  is  the  ore  from  which  the  largest  quantity  of  iron  is 
extracted  in  England,  since  it  is  found  abundantly  in  the  coal-measures 
of  Staffordshire,  Shropshire,  and  South  Wales,  and  it  is  a  circumstance 
of  great  importance  in  the  economy  of  English  iron-smelting,  that  the 
coal  and  limestone  required  in  the  smelting  process,  and  even  the  fire-clay 
employed  in  the  construction  of  the  furnace,  are  found  in  the  immediate 
vicinity  of  the  ore. 

BlacJihand  is  the  clay  iron-stone  found  in  the  coal-fields  of  Scotland, 
and  often  contains  between  20  and  30  per  cent,  of  bituminous  matter, 
which  contributes  to  the  economy  of  fuel  in  smelting  it. 

Red  hcematite  (Fe^O^)  is  the  most  characteristic  of  the  ores  of  iron, 
occurring  in  hard  shining  rounded  masses,  with  a  peculiar  fibrous  structure 
and  a  dark  red-broWn  colour,  whence  the  ore  derives  its  name  {alfxa,  blood). 
It  is  foimd  in  considerable  quantities  in  Lancashire  and  Cornwall,  but  un- 
fortunately its  very  compact  structure  is  an  obstacle  to  its  being  smelted 
alone,  so  that  it  is  generally  mixed  with  some  clay  iron-stone,  and  hence 
the  iron  obtained  is  not  so  free  from  sulphur  and  phosphorus  as  if  it  were 
extracted  from  hsematite  alone. 

Red  ochre  is  a  soft  variety  of  this  ore,  containing  a  little  clay. 

Brown  lumnatite  (2^0303 .  3H0)  is  found  at  Alston  Moor  (Cumber- 
land) and  in  Durham,  but  it  is  more  abundant  on  the  Continent,  and  is 
the  source  of  most  of  the  Eelgian  and  French  irons.  Pea  -iron  ore  and 
ydloin  ochre  are  varieties  of  brown  hematite.  Tlie  Scotch  ore  which  is 
called  kidney-form  clay  iron-atone  is  roalLy  a  hydratod  sesquioxjde  of  iron. 

•  This  table  has  been  compilefl  from  the  analyses  given  in  "  Percy  on  Iron  and  Steel." 
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Sj)ecular  iron  ore  (Fepj)  {olicjitst  ore  or  iron-glance),  although  of  the 
same  composition  as  red  hajmatite,  is  very  different  from  it  in  appearance, 
having  a  steel-grey  colour  and  a  brilliant  metallic  lustre.  The  island  of 
Elba  is  the  chief  locality  where  this  ore  is  found,  but  it  also  occurs  in 
Germany,  France,  and  Eussia.  The  excellent  quality  of  the  iron  smelted 
from  this  ore  is  due  partly  to  the  purity  of  the  ore,  and  partly  to  the  cir- 
cumstance that  charcoal,  and  not  coal,  is  employed  in  smelting  it. 

Magnetic  iron  ore  (Eefi^,  of  which  the  loadstone  is  a  variety,  has  a 
more  granular  structure,  and  a  dark  iron-grey  colour.  It  forms  moun- 
tainous masses  in  Sweden,  and  is  also  found  in  Eussia  and  North  America. 
It  is  generally  smelted  with  charcoal,  and  yields  an  excellent  iron.  Iron 
sand,  a  peculiar  heavy  black  sand,  of  metallic  lustre,  consists  in  great 
measure  of  the  magnetic  ore,  but  contains  a  very  large  proportion  of  titanic 
acid.  It  is  found  abundantly  in  India,  Nova  Scotia,  and  New  Zealand ; 
but  its  fine  state  of  division  prevents  it  from  being  largely  available  as  a 
source  of  iron. 

Spathic  iron  ore  (FeO .  COJ  is  found  in  abundance  in  Saxony,  and 
often  contains  a  considerable  quantity  of  carbonate  of  manganese,  which 
influences  the  character  of  the  metal  extracted  from  it. 

The  oolitic  iron  ore,  occurring  in  the  Northampton  oolite,  contains  both 
hydrated  sesquioxide  and  carbonate  of  iron,  together  with  clay. 

Iron  pyrites  (FeSj)  is  remarkable  for  its  yellow  colour,  its  brilliant 
metallic  lustre,  and  crystalline  structure,  being  generally  found  either  in 
distinct  cubical  or  dodecahedral  crystals,  or  in  rounded  nodules  of 
radiated  structure.  It  was  formerly  disregarded  as  a  source  of  iron,  on 
account  of  the  difficulty  of  separating  the  sulphur ;  but  since  the  demand 
for  iron  has  so  largely  increased,  an  inferior  quality  of  the  metal  has  been 
extracted  from  the  residue  left  after  burning  the  pyrites  in  the  manufac- 
ture of  oil  of  vitriol  (p.  203),  the  residue  being  first  well  roasted  in  a 
lime-kiln  to  remove  as  much  as  possible  of  the  sulphur. 

211.  Metallurgy  of  iron. — Iron  owes  the  high  position  wliich  it  occupies 
among  useful  metals  to  a  combination  of  valuable  qualities  not  met  with 
in  any  other.  Although  possessing  nearly  twice  as  great  tenacity  or  strength 
as  the  strongest  of  the  other  metals  commonly  used  in  the  metallic  state, 
it  is  yet  one  of  the  lightest,  its  specific  gravity  bemg  only  7.7,  and  is 
therefore  particularly  well  adapted  for  the  construction  of  bridges  and 
large  edifices,  as  well  as  for  ships  and  carriages.  It  is  the  least  yield- 
ing or  malleable  of  the  metals  in  common  use,  and  can  therefore  be  relied 
upon  for  affording  a  rigid  support ;  and  yet  its  ductility,  when  heated,  is 
such  that  it  admits  of  being  rolled  into  the  thinnest  sheets  and  drawn 
into  the  finest  wire,  the  strength  of  wliich  is  so  great  that  a  wire  of  j\t\i 
inch  in  diameter  is  able  to  sustain  705  pounds,  while  a  similar  wire  of 
copper,  wliich  stands  next  in  order  of  tenacity,  >vUl  not  support  more  than 
385  pounds. 

Being,  with  the  exception  of  platinum,  the  least  fusible  of  useful  metals, 
iron  is  applicable  to  the  construction  of  fire-grates  and  fiu-naces.  Nor  are 
its  qualifications  all  dependent  upon  its  physical  properties,  for  it  not  only 
.  enters  into  a  great  number  of  compounds  which  are  of  the  utmost  use  in 
the  arts,  but  its  chemical  relations  to  one  of  the  non-metallic  elements, 
carbon,  are  such,  that  the  addition  of  a  small  quantity  of  this  element 
converts  it  into  steel,  far  surpassing  iron  in  the  valuable  properties  of  hard- 
ness and  elasticity;  whilst  a  larger  quantity  of  carbon  gives  rise  to  cast- 
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iron,  the  greater  fusibility  of  which  permits  it  to  be  moulded  into  vessels 
and  shapes  which  could  not  be  produced  by  forging. 

212.  EngUsh  process  of  smelting  clay  iron-stone. — The  first  step 
towards  the  extraction  of  the  metal  consists  in  calcining  (or  roasting)  the 
ore  in  order  to  expel  the  water  and  carbonic  acid  which  it  contains.  To 
effect  this  the  ore  is  built  up,  together  with  a  certain  amount  of  small 
coal,  into  long  pyi'amidal  heaps,  resting  i;pon  a  foundation  of  large  lumps 
of  coal ;  blackband  often  contains  so  much  coal  that  any  further  addition 
is  mmecessary.  These  heaps  are  kindled  in  several  places,  and  allowed  to 
burn  slowly  until  all  the  fuel  is  consiuned.  This  calcination  has  the  effect 
of  rendering  the  ore  more  porous,  and  better  fitted  for  the  smelting  pro- 
cess. If  the  ore  contained  much  sulphur,  a  part  of  it  would  be  expelled 
by  the  roasting,  in  the  form  of  sulphurous  acid. 

Sometimes  the  calcination  is  effected  in  kilns  resembling  lime-kilns, 
and  it  is  often  altogether  omitted  as  a  separate  process,  the  expulsion  of 
the  water  and  carbonic  acid  being  then  effected  in  the  smelting-furnace 
itself  as  the  ore  descends. 

The  calcined  ore  is  smelted  in  a  huge  hlast-furnace  (fig.  229)  abont  fifty  or 
sixty  feet  high,  built  of  massive  masonry,  and  lined  internally  with  fire-brick. 


Fig.  229.  — Blast-fumace  for  smelting  iron  ores. 


Since  it  would  be  impossible  to  obtain  a  sufficiently  high  temperature  with 
the  natural  draught  of  this  furnace,  air  is  forced  into  it  at  the  bottom 
under  a  pressure  of  three  or  four  pounds  upon  the  inch,  through  three 
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tuyh-e  pipes,  tlie  nozzles  of  which  pass  thi-ough  apertures  in  three  sides 
of  the  furnace  It  would  be  very  easy  to  reduce  to  the  metallic  state  the 
oxide  of  iron  contained  in  the  calcined  ore,  by  simply  throwing  it  into  this 
furnace,  together  with  a  proper  quantity  of  coal,  coke,  or  charcoal;  hut 
the  metallic  iron  fuses  with  so  gi'eat  difficulty,  that  it  is  impossible  to  sepa. 
rate  it  from  the  clay  unless  this  latter  is  brought  into  a  liquid  state ;  and 
even  then  the  fusion  of  the  iron,  which  is  necessary  for  complete  separa- 
tion, is  only  effected  after  it  has  formed  a  more  easily  fusible  compound 
with  a  small  proportion  of  carbon  derived  from  the  fuel. 

Now,  clay  is  even  more  difficult  to  fuse  than  iron,  so  that  it  is  neces- 
sary to  add,  in  the  smelting  of  the  ore,  some  substance  capable  of  forming 
with  the  clay  a  combination  which  is  fusible  at  the  temperature  of  the 
furnace.  If  clay  (silicate  of  alumina)  be  mixed  with  limestone  (carbonate 
of  lime),  and  exposed  to  a  high  temperature,  the  carbonic  acid  is  expelled 
from  the  limestone,  and  the  lime  unites  with  the  clay,  forming  a  double 
silicate  of  alumina  and  lime,  Avhich  becomes  perfectly  liquid,  and  when 
cool,  solidiaes  to  a  glass  or  slag.  The  limestone  is  here  said  to  act  as  a 
Hux,  because  it  induces  the  clay  to  flow  in  the  liquid  state.  In  order, 
therefore,  that  the  clay  may  be  readily  separated  from  the  metallic  iron, 
the  calcined  ore  is  mixed  with  a  certain  proportion  of  limestone  before 
being  introduced  into  the  furnace. 

Great  care  is  necessary  in  first  lighting  the  blast-furnace  lest  the  new 
masonry  should  be  cracked  by  too  sudden  a  rise  of  temperature,  and  Avhen 
once  lighted,  the  furnace  is  kept  in  constant  work  for  years  until  in  want  of 
repair.  When  the  fire  has  been  lighted,  the  furnace  is  filled  up  with  coke, 
and  as  soon  as  this  has  burnt  down  to  some  distance  below  the  chimney,  a 
layer  of  the  mixture  of  calcined  ore  with  the  requisite  proportion  of  lime- 
stone is  thrown  upon  it ;  over  this  there  is  placed  another  layer  of  coke,  then 
a  second  layer  of  the  mixture  of  ore  and  flux,  and  so  on,  in  alternate  layers, 
until  the  furnace  has  been  filled  up  ;  when  the  layers  sink  down,  fresh 
quantities  of  fuel,  ore,  and  flux  are  added,  so  that  the  furnace  is  kept  con- 
stantly full.    As  the  air  passes  from  the  tuyere  pipes  into  the  bottom  of 
the  furnace,  it  parts  with  its  oxygen  to  the  carbon  of  the  fuel,  which  it 
converts  into  carbonic  acid  (CO2) ;  the  latter,  passing  over  the  red-hot 
fuel  as  it  ascends  in  the  furnace,  is  converted  into  carbonic  oxide  (CO)  by 
combining  with  an  additional  quantity  of  carbon.    It  is  this  carbonic 
oxide  which  reduces  the  calcined  ore  to  the  metallic  state,  when  it  comes 
in  contact  with  it,  at  a  red  heat,  in  the  upper  part  of  the  furnace,  for 
carbonic  oxide  removes  the  oxygen,  at  a  high  temperature,  from  the  oxides 
of  iron,  and  becomes  carbonic  acid,  the  iron  being  left  in  the  metallic  state. 
But  the  iron  so  reduced  remains  disseminated  through  the  mass  of  ore 
until  it  has  passed  down  to  a  part  of  the  fiunace  which  is  more  strongly 
heated,  where  the  iron  enters  into  combination  with  a  small  proportion  of 
carbon  to  form  cast-iron,  which  fuses  atid  runs  dow  into  the  crucible  or 
cavity  for  its  reception  at  the  bottom  of  the  fm-nace.    At  the  same  tune, 
the  clay  contained  in  the  ore  is  acted  upon  by  the  lime  of  the  flux,  pro- 
ducing a  double  silicate  of  alumina  and  lime,  which  also  falls  in  the  liqmd 
state  into  the  crucible,  where  it  forms  a  layer  of  "  slag"  above  the  heavier 
metal.    This  slag,  wliich  has  five  or  six  times  the  bulk  of  the  u-on,  is 
allowed  to  accumulate  in  the  crucible,  and  to  run  over  its  edge  down  the 
incline  (or  cinder-fall)  upon  which  the  blast-furnace  is  built ;  but  when 
a  sufficient  quantity  of  cast-iron  has  collected  at  the  bottom  of  the  crucible, 
it  is  run  out  through  a  hole  provided  for  the  purpose,  either  into  channels 
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niado  in  a  bed  of  sand  or  into  iron  moulds,  where  it  is  cast  into  rough, 
senii-cylindrical  masses  called  2n(js,  whence  cast-iron  is  also  spoken  of  as 
pig-iron.  The  temperature  of  the  furnace  is,  of  course,  highest  in  the 
immediate  neighbourhood  of  the  tuyeres  ;  tlie  reduction  of  the  iron  to  the 
metallic  state  appears  to  commence  at  about  two-thirds  of  the  way  down 
the  furnace,  the  volatile  matters  of  the  ore,  fuel,  and  flux  being  driven  oif 
before  this  point  is  reached. 

Some  idea  may  be  formed  of  the  immense  scale  upon  which  the  smelt- 
ing of  iron  ores  is  carried  out,  when  it  is  stated  that  each  furnace  con- 
sumes, in  the  coirrse  of  twenty-four  hours,  about  50  tons  of  coal,  30  tons 
of  ore,  6  tons  of  limestone,  and  100  tons  of  air.  The  cast-iron  is  run  off 
from  the  crucible  once  or  twice  in  twelve  hours,  in  quantities  of  five 
or  six  tons  at  a  time.  The  average  yield  of  calcined  clay  iron-stone  is  35 
per  cent,  of  iron. 

The  gases  escaping  from  the  cliimney  of  the  blast-furnace  are  highly 
inflammable,  for  they  contain,  beside  the  nitrogen  of  the  air  blown  into  the 
furnace,  a  considerable  quantity  of  carbonic  oxide  and  some  hydrogen, 
together  with  the  carbonic  acid  formed  by  the  action  of  the  carbonic  oxide 
upon  the  ore.  Since  the  carbonic  oxide  and  hydrogen  confer  considerable 
heating  power  upon  these  gases,  they  are  employed  in  some  iron-works  for 
heating  steam  boilers,  or  for  calcining  the  ore,  or  for  raising  the  temperature 
of  the  blast. 

The  composition  of  the  gas  issuing  from  a  hot-blast  furnace  (fed  with  uncoked 
coal)  may  be  judged  of  from  the  following  table  : — 


Gas  from  Blast-Furnace. 

Nitrogen,    .       .       .    55-35  vols. 
Carbonic  oxide, 
Hydrogen,  . 
Carbonic  acid, 
Marsh-gas, 
Oleflant-gas, 


25-97 

6-  73 

7-  77 
3-75 
0-43 

100-00 


The  carbonic  oxide,  of  course,  renders  these  gases  highly  poisonous,  and  fatal  acci- 
dents occasionally  happen  from  this  cause. 

Although  the  bulk  of  the  nitrogen  present  in  the  air  escapes  unchanged  from  the 
furnace,  it  is  not  improbable  that  a  portion  of  it  contributes  to  the  formation  of  the 
cyanide  of  potassium  (KCgN),  which  is  produced  in  the  lower  part  of  the  furnace, 
the  potassium  being  furnished  by  the  ashes  of  the  fuel. 

Tlie  hoi-blast— On  considering  the  enormous  quantity  of  air  which 
passes  through  the  blast  furnace,  it  will  be  seen  that  it  occasions  the  loss  of 
a  considerable  amount  of  heat.  In  order  to  economise  the  fuel,  hot-blast 
furnaces  are  fed  with  air  of  which  the  temperature  is  raised  to  about 
600°  F.,  by  passing  it  through  heated  iron  pipes  before  allowing  it  to 
enter  the  blast  furnace.  The  higher  temperature  which  is  thus  attained 
permits  the  use  of  uncoked  coal,  which  would  not  have  given  enough  heat 
in  a  cold-blast  furnace,  and  the  same  quantity  of  ore  may  be  smelted  with 
less  than  half  the  coal  formerly  employed.  It  appears,  however,  that  the 
hot-blast  iron  is  inferior  in  quality  to  that  obtained  from  the  same  ore  in  a 
cold-blast  furnace,  and  tliis  is  generally  explained  by  referring  to  the  larger 
quantity  of  sulphur  contained  in  the  raw  coal;  to  the  circumstance,  that  the 
cast-iron  being  exposed  to  a  much  higher  temperature  in  the  hot-blast 
furnace  is  more  liable  to  receive  and  retain  a  larger  amount  of  foreign  sub- 
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stances;  and  (most  important  of  all)  to  the  custom  of  extracting  iron  in  a 
hot-blast  furnace  from  slags  obtained  in  the  subsequent  processes  of  the 
ii'on-manufacture,  which  could  not  be  smelted  in  a  cold-blast  furnace. 
These  slags  always  contain  sulphur  and  phosphorus,  and  therefore  yield  an 
inferior  quality  of  iron.  Hence  the  distinction  commonly  drawn  between 
mine-iron  extracted  from  the  ore  without  admixture  of  slags,  and  cinder- 
iron  in  the  preparation  of  which  slag  or  ciuder  has  been  employed. 

The  slag  from  the  Uast  furnace  is  essentially  a  glass  composed  of  a 
double  silicate  of  alumina  and  lime,  the  composition  of  which  varies  much 
according  to  the  nature  of  the  earthy  matters  in  the  ore,  and  the  com- 
position of  the  flux.  Its  colour  is  generally  opaque  white,  streaked  with 
blue,  green,  or  brown. 

The  nature  of  the  flux  employed  must,  of  course,  be  modified  according 
to  the  composition  of  the  earthy  substances  (or  gangue)  present  in  the  ore. 
Where  this  consists  of  clay  (silicate  of  alumina)  the  addition  of  Hme 
(which  is  sometimes  added  in  the  form  of  limestone  and  sometimes  as 
quick-lime)  will  provide  for  the  formation  of  the  double  silicate  of  alumina 
and  Hme.  But  if  the  iron-ore  happened  abeady  to  contain  limestone,  an 
addition  of  clay  would  be  necessary,  or  if  quartz  were  present,  consisting 
of  silica  only,  both  lime  and  alumina  (iu  the  form  of  clay)  will  be  neces- 
sary as  a  flux.  It  is  sometimes  found  economical  to  employ  a  mixture  of 
ores  containing  different  kinds  of  gangue,  so  that  one  may  serve  as  a  flux 
to  the  other.  If  a  proper  proportion  of  lime  were  not  added,  a  portion  of 
the  oxide  of  iron  would  combine  -Rath  the  sUica  and  be  carried  off  in  the 
slag,  but  if  too  large  a  quantity  of  lime  be  employed,  it  will  diminish  the 
fusibiUty  of  the  slag,  and  prevent  the  complete  separation  of  the  iron  from 
the  earthy  matter.  The  most  easily  fusible  slag  which  can  be  formed  by 
the  action  of  lime  upon  clay  has  the  composition  6CaO .  Alfi^ .  OSiO^;  but, 
in  English  furnaces,  where  coal  and  coke  are  employed,  it  is  found  neces- 
sary to  employ  a  larger  proportion  of  lime  to  convert  the  sulphur  of  the 
fuel  into  sulphide  of  calcium,  so  that  the  slag  commonly  has  a  composi- 
tion more  nearly  represented  by  the  formula,  i2CaO.2AljO3.9SiO.,, 
which  would  express  a  compound  of  6  eqs.  of  normal  sUicate  of  lime  with 
1  eq.  of  normal  silicate  of  alumina,  6(2CaO .  SiO^)  ,  2AI2O3.  SSiOj,  silicic 
acid  being  considered  a  bibasic  acid. 

Since  iron,  manganese,  and  magnesium  are  commonly  found  occupying 
the  place  of  a  portion  of  the  calcium,  a  more  general  formula  for  the 
slag  from  English  blast  furnaces  would  be — 

6(2[CaEeMnMg]0  .  SiOg) ,  2AI2O3 .  SSiO^  . 

A  fair  impression  of ,  the  ordinary  composition  of  the  slag  from  blast 
furnaces  is  conveyed  by  the  following  table  : — 

Slag  from  Blast  Furnace. 


Silica   43-07 

Alumina,   14-85 

Lime   28-92 

Magnesia,        ....  5-87 

Oxide  of  iron  (FeO)  .       .       .  2-53 

Oxide  of  manganese  (MnO).     .  1-37 

Potash   1-84 

Sulphide  of  calcium,        .       .  1*90 

Phosphoric  acid,       .       .       .  trace 
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Those  slags  are  sometimes  run  from  the  blast  furnace  into  iron  moulds, 
in  wliich  they  are  cast  into  blocks  for  rough  building  purposes.  The 
presence  of  a  considerable  proportion  of  potash  has  led  to  experiments 
upon  their  employment  as  a  manure,  for  which  purpose  they  have  been 
bloAyn  out,  when  liquid,  into  a  finely  divided  frothy  condition  fit  for  grind- 
ing and  applying  to  the  soil. 

213.  Cast-Iron  is,  essentially,  composed  of  iron  with  from  2  to  5  per 
cent,  of  carbon,  but  always  contains  other  substances  derived  either  from 
the  ore  or  from  the  fuel  employed  in  smelting  it.  On  taking  into  con- 
sideration the  energetic  deoxidising  action  in  the  blast  furnace,  it  is  not 
surprising  that  portions  of  the  various  oxygen  compounds  exposed  to  it 
should  part  wdth  their  oxygen,  and  that  the  elements  thus  liberated 
should  find  their  way  into  the  cast-iron.  In  this  way  the  silicic  acid  is 
reduced,  and  its  silicon  is  found  in  cast-iron  in  quantity  sometimes  amount- 
ing to  3  or  4  per  cent.  Sulphur  and  phosphorus  are  also  generally  pre- 
sent in  cast-ii'on,  but  in  very  much  smaller  quantity;  their  presence 
diminishes  its  tenacity,  and  the  smelter  endeavours  to  exclude  them  as  far 
as  possible,  though  a  small  quantity  of  phosphorus  appears  to  be  rather 
advantageous  for  some  castings,  since  it  augments  the  fusibility  and 
fluidity  of  the  cast-iron.  The  sulphur  is  chiefly  derived  from  the  coal  or 
coke  employed  in  smelting,  and  for  this  reason  charcoal  would  be  pre- 
ferable to  any  other  fuel  if  it  could  be  obtained  at  a  sufficiently  cheap 
rate.  The  iron-works  of  America  and  those  of  the  European  continent 
enjoy  a  great  advantage  in  this  respect  over  those  of  England.  The 
phosphorus  is  obtained  from  the  phosphoric  acid  existing  in  the  ore  or  in 
the  flux.  Manganese,  amounting  to  1  or  2  per  cent.,  is  often  met  with  in 
cast  iron,  having  been  reduced  from  the  oxide  of  manganese,  which  is 
generally  foimd  in  iron  ores.  Other  metals,  such  as  chromium,  cobalt, 
&c.,  are  also  occasionally  present,  though  in  so  small  quantities  as  to  be 
of  no  importance  in  practice. 

The  following  table  exhibits  the  largest  and  smallest  proportions  of  the 
various  elements  determined  in  the  analysis  of  upwards  of  a  hundred 
specimens  of  cast-iron  : — 

Composition  of  Cast-iron* 
Max.  Min. 
Carbon,         4-81         1-04  percent. 
Silicon,  4-77  008 

Sulphur,         1-06  0-00 
Phosphorus,    1-87         trace  „ 
Manganese,     6-08         trace  „ 
Iron, 

In  order  to  understand  the  differences  observed  in  the  several  varieties 
of  cast-iron,  it  is  necessary  to  consider  the  peculiar  relations  betAvcen  iron 
and  carbon.  Iron  fused  in  contact  with  carbon  is  capable  of  combining 
with  nearly  6  per  cent,  of  that  element,  to  form  a  white,  brilliant,  and 
brittle  compound  which  may  be  represented  pretty  nearly  as  composed 
of  Fe^C.  Under  certain  circumstances,  as  this  compound  of  iron  and 
carbon  cools,  a  portion  of  the  carbon  separates  from  the  iron,  and  remains 
disseminated  throughout  the  mass  in  the  form  of  minute  crystalline  par- 
ticles very  much  resembling  natural  graphite.  If  a  brolten  piece  of  iron 
containing  these  scales  be  examined,  the  fracture  will  be  found  to  exhibit 

*  Compiled  from  "Percy  on  Iron  and  Steel." 
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a  more  or  less  dark  grey  colour,  due  to  the  presence  of  the  uncombined 
carbon,  and  for  tliis  reason  a  cast-iron  in  which  a  portion  of  the  carbon 
has  thus  separated  is  commonly  spoken  of  as  grey  iron,  whilst  that  in 
which  the  whole  of  the  carbon  has  remained  in  combination  with  the 
metal  exhibits  a  white  fracture,  and  is  termed  white  iron  or  bright  iron. 
Intermediate  between  these  is  the  variety  Imown  as  mottled  iron,  which 
has  the  appearance  of  a  mixture  of  the  grey  and  white  varieties. 

The  different  condition  of  the  carbon  in  the  two  varieties  of  cast-iron  is 
rendered  apparent  when  the  metal  is  dissolved  in  diluted  sulphuric  or 
hydrochloric  acid,  for  any  carbon  which  exists  in  the  uncombined  state 
will  then  be  left,  whilst  that  which  had  been  in  combination  with  the 
iron  passes  off  in  the  form  of  peculiar  compounds  of  carbon  and  hydrogen, 
which  impart  the  disagreeable  odour  perceived  in  the  gas  evolved  when 
the  metal  is  dissolved  in  an  acid. 

The  properties  of  these  two  varieties  of  cast-iron  are  widely  different, 
grey  iron  being  so  soft  that  it  may  be  turned  in  a  lathe,  whilst  the  white 
iron  is  extremely  hard  and  brittle.  Again,  although  white  iron  fuses  at 
a  lower  temperature  than  grey-iron,  the  latter  is  far  more  Hquid  when 
fused,  and  is  therefore  much  better  fitted  for  casting. 

Although  the  presence  of  uncombined  carbon  is  the  chief  point  which 
distinguishes  grey  from  white  iron,  other  differences  are  commonly  observed 
in  the  composition  of  the  two  varieties.  Thus  wliite  iron  usually  contains 
less  silicon  than  grey  iron,  but  a  larger  proportion  of  sulphur.  "White 
iron  also  usually  contains  a  much  larger  quantity  of  manganese. 

The  difference  in  the  composition  of  these  three  varieties  of  cast-iron  is 
shown  in  the  following  table  : — 


Grey. 

Mottled. 

White. 

Iron  

90.24 

89-31 

89-86 

Comliiued  carbon  .  . 

1-02 

1-79 

2-46 

Graphite  .... 

2-64 

1-11 

0-87 

Silicon  

3  06 

2-17 

112 

Sulphur  

1-14 

1-48 

2-52 

Phosphorus  .... 

0-93 

1-17 

0-91 

Manganese  .... 

0-83 

1-60 

2-72 

99-86 

98-63 

100-46 

As  might  be  expected,  it  is  not  easy  to  tell  where  a  cast-iron  ceases  to 
be  grey  and  begins  to  be  mottled,  or  where  the  mottled  iron  ends  and 
white  iron  begins.  There  are,  in  fact,  eight  varieties  of  cast-iron  in  com- 
merce distinguished  by  the  numbers  one  to  eight,  of  which  No.  1  is  dark 
grey,  and  contains  the  largest  proportion  of  graphite,  which  diminishes  in 
the  succeeding  numbers  up  to  ISTo.  8,  Avhich  is  the  whitest  iron,  the  inter- 
mediate ntimbers  being  more  or  less  mottled. 

The  particidar  variety  of  cast-iron  produced  is  to  some  extent  luider 
the  control  of  the  smelter,  a  fm-nace  in  good  order  appearing  usually  to 
yield  grey  iron,  wliilst  a  defective  furnace,  or  one  supplied  with  too  small 
a  proportion  of  fuel,  will  commonly  give  a  white  ii'on.  But  the  metal 
sometimes  varies  considerably  at  different  levels  in  the  cnicihle  of  the 
furnace,  so  that  pigs  of  different  degrees  of  greyness  are  obtauied  at  the 
same  tapping. 

Mottled  cast-iron  surpasses  both  the  other  varieties  in  tenacity,  and 
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is  therefore  preferred  for  such  purposes  as  casting  ordnance,  where  tliis 
quality  is  particularly  desirable. 

The  dark  grey  iron  used  for  casting,  known  as  foundry-iron,  is  produced 
by  supplying  the  blast  fvu'nace  with  a  larger  proportion  of  fuel  than  is 
employed  in  making  the  lighter  forge-iron  destined  for  conversion  into 
wrought-iron.  The  extra  consumption  of  fuel,  of  course,  renders  the 
foundry-iron  more  expensive.  When  a  furnace  is  worked  with  a  low 
charge  of  fuel  to  produce  a  white  ii-on,  a  larger  quantity  of  iron  is  lost 
in  the  slag,  sometimes  amounting  to  5  per  cent,  of  the  metal,  whilst 
the  average  loss  in  producing  grey  iron  does  not  exceed  2  per  cent. 
Ores  containing  a  large  proportion  of  manganese  are  generally  found  to 
yield  a  white  iron. 

When  grey  iron  is  melted,  the  particles  of  graphite  to  which  its  grey 
colour  is  due  are  dissolved  by  the  liquid  ii-on,  and  if  it  be  poured  into 
'  a  cold  iron  mould  so  as  to  solidify  it  as  rajoidly  as  possible,  the  external 
portion  of  the  casting  wiU  present  much  of  the  hardness  and  appear- 
ance of  white  iron,  the  sudden  cooling  having  prevented  the  separation 
of  the  graphite.  This  affords  the  explanation  of  the  process  of  cliill- 
casting,  by  which  shot,  &c.,  made  of  the  soft  fusible  grey  iron,  are  made 
to  acquire  externally  a  hardness  approaching  that  of  steel. 

The  specific  gravity  of  cast-iron  varies  between  6'92  and  7"53,  and  its 
f  using  point  is  somewhat  below  3000°  F. 


Conversion  op  Cast-Iron  into  Bar  or  Wrought  Iron. 

214.  In  order  to  convert  cast-iron  into  bar-iron,  it  is  necessary  to  reduce 
it  as  far  as  possible  to  the  condition  of  pure  iron  by  removing  the  carbon, 
silicon,  and  other  substances  associated  with  it.  This  purification  is 
effected  upon  the  principle,  that  when  cast-iron  is  strongly  heated  in  con- 
tact with  oxide  of  iron,  its  carbon  is  evolved  in  the  form  of  carbonic  oxide, 
whilst  the  silicon,  also  combining  with  the  oxygen  from  a  part  of  the 
oxide  of  iron,  is  con- 
verted into  silicic  acid, 
Avhich  unites  with  an- 
other portion  of  oxide 
to  form  a  fusible  slag 
easily  separated  from  the 
metal. 

The  most  important 
of  the  processes  em- 
ployed for  the  conver- 
sion of  pig-iron  into  bar- 
iron,  is  that  known  as 
the  purldling  process, 
but  this  is  sometimes 
preceded  by  the  process 
of  refining,  whicli  will 
therefore    be    first  de-  Fig.  230.— Hearth  for  refining  pig-ii-on. 

scribed. 

Refining  of  cast-iron. — This  process  consists  essentially  in  exposing  the 
metal,  in  a  fused  state,  to  the  action  of  a  blast  of  air.  The  refinery  (figs. 
230,  231)  is  a  rectangidar  trough  with  double  walls  of  cast-iron,  between 
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which  cold  water  is  kept  circulating  to  prevent  their  fusion.  This  trough 
is  about  3  J  feet  long  by  2  J  wide,  and  usually  lined  with  fire-clay ;  on  each 

side  of  it  are  arranged 
three  tuyere  pipes  for  the 
supply  of  air,  incUned  at 
an  angle  of  25°  to  30°  to 
the  bottom  of  the  fur- 
nace, which  is  fed  with 
coke,  unless  the  very  best 
iron  is  required,  as  for 
the  manufacture  of  tia- 
plate,  Avhen  charcoal  is 
generally  used  in  the 
refinery. 

Tliis  furnace  having 
been  filled  to  a  certain 
height  with  fuel,  five  or 
six  pigs  of  iron  (from 
20  to  30  cwt.)  are  ar- 
ranged symmetrically  upon  it,  a  blast  of  air  being  forced  in  tlirough  the 
tuyeres,  under  a  pressure  of  about  3  lbs.  upon  the  inch.  In  about  a 
quarter  of  an  houi-  the  metal  begins  to  fuse  gradually,  and  to  trickle  dovm 
through  the  fuel  to  the  bottom  of  the  refinery,  a  portion  of  the  iron 
being  converted  into  oxide  in  its  descent,  by  the  air  issuing  fi-om  the 
tuyere  pipes.  When  the  whole  of  the  metal  has  been  fused,  the  air  is  still 
allowed  to  play  for  some  time  upon  its  surface,  when  the  fused  metal 
appears  to  boil  in  consequence  of  the  escape  of  bubbles  of  carbonic  oxide. 

After  about  two  hours  the  tap  hole  is  opened,  and  the  molten  metal 
run  out  into  a  flat  mould ;  when  it  begins  to  solidify,  water  is  thrown 
upon  its  surface  in  order  to  chill  it  and  render  it  brittle.  The  plate  of 
refined  iron  thus  obtained  is  usually  about  2  inches  thick.  The  slag  (or 
finery  cinder)  is  generally  received  in  a  separate  mould ;  its  composition 
may  be  generally  expressed  by  the  formula  21'eO .  SiO^,  the  sihcic  acid 
having  been  derived  from  the  silicon  contained  in  the  cast-iron. 

The  change  effected  in  the  composition  of  the  iron  by  the  process  of 
refining  will  be  apparent  from  the  following  table  : — 

Eefined  Iron. 


Iron,       ....  95-14 

Carbon,   ....  3-07 

Silicon,   ....  0-63 

Sulphur,         .       .       .  0-16 

Phosphorus,    .       .       .  0-73 

Manganese,     .       .       .  trace 

Slag,       ....  0-44 


100-17 

The  carbon,  therefore,  is  not  nearly  so  much  diminished  as  the  silicon, 
which  is  in  some  cases  reduced  to  i^th  of  its  former  proportion  by  the 
refining  process.  Half  of  the  sulphur  is  also  sometimes  removed,  Ijeiug 
found  in  the  slag  as  sulphide  of  iron.  The  phosphorus  is  not  removed  to 
the  same  extent  in  the  refining  process,  though  some  of  it  is  converted 
into  phosphoric  acid,  which  may  be  found  iji  the  finery  cindcj-. 


Fig.  231. — Hearth  for  refining  pig-iron. 
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The  further  purification  of  the  metal  could  not  be  effected  in  the 
rotiuery,  since  the  fusibility  of  the  iron  is  so  greatly  diminished  as  it 
approaches  to  a  pure  state,  that  it  could  not  be  retained  in  a  fluid  condi- 
tion at  the  temperature  attainable  in  this  furnace,  and  a  more  spacious 
liearth  is  requii'ed  upon  which  the  pasty  metal  may  be  kneaded  into  close 
contact  with  the  oxide  of  iron  which  is  to  complete  the  oxidation  and 
separation  of  the  carbon.  For  this  reason  the  metal  is  transferred  to  the 
puddling  furnace. 

The  piuldUmj  process  is  carried  out  in  a  rcverberatory  furnace  (figs.  232, 
233)  connected  with  a  taU  cliimney  provided  with  a  damper,  so  as  to  admit 
of  a  very  perfect  regulation  of  the  draught.    A  bridge  of  fire-brick  between 


Fig.  232. — Puddling  furnace. 

the  grate  and  the  hearth  prevents  the  contact  of  the  coal  with  the  ii-on  to 
be  puddled.  The  hearth  is  composed  either  of  fire-brick  or  of  cast-iron 
plates,  covered  with  a  layer  of  a  very  infusible  slag,  and  cooled  by  a  free 


Fig.  233. — Puddling  furnace. 


circulation  of  air  beneath  them.  This  hearth  is  about  6  foot  in  longtli,  by 
4  feet  in  the  widest  part  near  the  grate,  and  2  feet  at  the  opposite  end ; 
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it  is  slightly  inclined  towards  the  end  farthest  from  the  grate,  and  finishes 
in  a  very  considerable  slope,  at  the  lowest  point  of  which  is  the  floss-hole 
for  the  removal  of  the  slag.  Since  the  metal  is  to  attain  a  very  high 
temperature  in  this  furnace  (estimated  at  3000°  F.),  it  is  usually  covered 
with  an  iron  casing,  so  as  to  prevent  any  entrance  of  cold  air  through 
chinks  in  the  brick  work. 

About  5  cwt.  of  the  fine  metal  is  broken  up  and  heaped  upon  the 
hearth  of  this  furnace,  together  with  about  1  cwt.  of  iron  scales  (black 
oxide  of  iron,  FcjO^),  and  of  hammer-slag  (basic  silicate  of  iron,  obtained 
in  subsequent  operations),  which  are  added  in  order  to  assist  in  oxidising 
the  impurities.  "When  the  metal  has  fused,  the  mass  is  well  stu-red  or 
puddled,  so  that  the  oxide  of  iron  may  be  brought  into  contact  with 
every  part  of  the  metal,  to  effect  the  oxidation  of  the  impurities;  The 
metal  now  appears  to  bod,  in  consequence  of  the  escape  of  carbonic  oxide, 
and  in  about  an  hour  from  the  commencement  of  the  puddling,  so  much 
of  the  carbon  has  been  removed  that  the  fusibihty  of  the  metal  is  con- 
siderably diminished,  and  instead  of  retaining  a  fused  condition  at  the 
temperature  prevaUing  in  the  furnace,  it  assumes  a  granular,  sandij,  or  dry 
state,  spongy  masses  of  pm-e  iron  separating  or  coming  to  nature  in  the 
fused  mass.  The  puddling  of  the  iron  is  continued  until  the  whole  has 
assumed  this  granular  appearance,  when  the  evolution  of  carbonic  oxide 
ceases  almost  entirely,  showing  that  the  removal  of  the  carbon  is  nearly 
completed.  The  damper  is  now  gradually  raised,  so  as  to  increase  the 
temperature  and  soften  the  particles  of  ii-on,  in  order  that  they  may  be 
collected  into  a  mass ;  and  the  more  easily  to  efi'ect  this,  a  part  of  the 
slag  is  run  off  through  the  floss-hole.  The  workman  then  collects  some 
of  the  iron  upon  the  end  of  the  paddle,  and  rolls  it  about  on  the  hearth 
until  he  has  collected  a  sort  of  rough  IjaU  of  iron,  weighing  about  half-a- 
hundred  weight.  When  all  the  iron  has  been  collected  into  balls  in  tliis 
way,  they  are  placed  in  the  hottest  part  of  the  furnace,  and  pressed  occa- 
sionally with  the  paddle,  so  as  to  squeeze  out  a  portion  of  the  slag  with 
which  their  interstices  are  fiUed,  The  doors  are  then  closed  to  raise  the 
interior  of  the  furnace  to  a  very  high  temperatiire,  and  after  a  short  time, 
when  the  baUs  are  sufficiently  heated,  they  are  removed  from  the  fui-nace, 
and  placed  under  a  steam  hammer,  which  squeezes  out  the  liquid  slag, 
and  forces  the  softened  particles  of  iron  to  cohere  into  a  continuous  oblong 
mass  or  bloom,  which  is  then  passed  between  rollers  by  which  it  is  ex- 
tended into  bars.  These  bars,  however  {Rough  or  Puddled,  or  No.  1  Bar), 
are  always  hard  and  brittle,  and  are  only  fit  for  such  constructions  as  rail- 
way bars,  where  hardness  is  required  rather  than  great  tenacity.  In  order 
to  improve  this  latter  quality,  the  rough  bars  are  cut  up  into  short  lengths, 
which  are  made  into  bundles,  and  after  being  raised  to  a  liigh  tempera- 
ture in  the  mill-furnace,  are  passed  through  rollers,  which  weld  the 
several  bars  into  one  compoimd  bar,  to  be  subsequently  passed  through 
other  rollers  imtil  it  has  acquired  the  desii'ed  dimensions.  By  thus  fagot- 
ting  the  bars,  their  texture  is  rendered  far  more  uniform,  and  they  are 
made  to  assume  a  fibrous  structm-e,  which  appears  greatly  to  increase 
their  strength  {Merchant  Bar,  or  No.  2  Bar).  To  obtain  the  best,  or  No. 
3  Bar,  or  wire-iron,  these  bars  are  doubled  upon  themselves,  raised  to  a 
welding  heat,  and  again  passed  between  roUers.  Tliese  repeated  rollings 
nave  the  effect  of  thoroughly  squeezing  out  the  slag  Avhich  is  mechanically 
entangled  among  the  particles  of  iron  in  the  rough  bars,  and  Avould  pro- 
duce flaws  if  allowed  to  remain  in  the  metal.    A  slight  improvement 
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appears  also  to  bo  effected  iu  tlio  chemical  composition  of  the  iron  during 
the  rolling,  some  of  the  carbon,  silicon,  phosphorus,  and  sulphur,  still 
retained  by  the  puddled  iron,  becoming  oxidised,  and  passing  away  as 
carbonic  oxide  and  slag. 

The  following  table  exhibits  the  change  in  chemical  composition  which 
takes  place  in  pig-ii-on  when  puddled  (without  previous  refining)  and 
rolled  into  wire-ii-on  : — 


Hffect  of  Fiiddling  and  Forging  on  Cast-Iron. 


In  100  parts. 

Carbon. 

Silicon. 

Sulphur. 

Pliosphoi-tfs. 

Grey  pig-iron,     .  . 
Puddled  bar,  .    .  . 
Wire-iron  

2-276 
0-296 
0-111 

2-720 
0-120 
0-088 

0-301 
0-134 
0-094 

0-645 
0-139 
0-117 

About  90  parts  of  bar-iron  are  obtained  from  100  of  pig-iron  by  the 
puddling  process,  the  difference  representing  the  carbon  which  has  passed 
off  as  carbonic  oxide,  and  the  silicon,  sulphur,  phosphorus,  and  iron, 
which  have  been  removed  in  the  slag  or  tap-cinder,  this  being  essentially 
a  sihcate  of  protoxide  and  sesquioxide  of  iron,  varying  much  in  composi- 
tion according  to  the  character  of  the  iron  employed  for  puddling,  and 
the  proportions  of  iron-scale  and  hammer-slag  introduced  into  the  furnace. 
Of  course,  also,  the  material  of  which  the  hearth  is  composed  will  in- 
fluence the  composition  of  the  slag.  The  following  table  affords  an  illus- 
tration of  its  composition  : — 

Tap- Cinder  from  Puddling  Fimiace. 


Protoxide  of  iron  (FeO),  .       .       .  57-67 

Peroxide  of  iron  (Fe^O.^),       .       .  13-53 

Silicic  acid,   8-32 

Phosphoric  acid,     ....  7-29 

Sulphide  of  iron,    ....  7-07 

Lime,   4-70 

Oxide  of  manganese,      .       .       .  0-78 

Magnesia   0-26 


99-62 

The  lime  in  the  above  cinder  was  probably  derived  from  the  hearth  of 
the  furnace,  which  is  sometimes  lined  with  that  material  to  assist  in 
removing  the  sulphur. 

When  pig;iron  is  puddled  without  undergoing  the  refinmg  process,  it 
becomes  much  more  liquid  than  refined  iron,  and  the  process  is  some- 
times described  as  the  boiling  process,  whilst  refined  iron  undergoes  di'y 
puddling. 

It  will  be  observed  that  this  process  of  puddling  is  attended  with  some 
important  disadvantages ;  it  involves  a  great  expenditure  of  manual 
labour,  and  of  a  most  exhausting  Icind ;  the  very  high  temperature  to 
which  the  puddler  is  exposed  renders  him  liable  to  lung  disease,  and 
cataract  is  not  uncommonly  caused  by  the  intense  light  from  the  glowing 
iron ;  the  wear  and  tear  of  the  puddling  furnace  is  very  considerable,  and 
.since  it  receives  only  ten  or  eleven  charges  of  about  five  cwts.  each  in  the 
course  of  twenty-four  hours,  it  is  necessary  to  work  five  or  six  puddling 
furnaces  at  once,  in  order  to  convert  into  bar-ii'on  the  whole  of  the  cast- 
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Fig.  234. — Bessemer's  converting  vessel. 


iron  turned  out  from  a  single  blast  furnace.  These  considerations  have 
led  to  several  attempts  to  improve  the  puddlmg  process  by  employing 
revolving  furnaces  and  other  mechanical  arrangements  to  supersede  the 
heavy  manual  labour,  and  even  to  dispense  with  it  altogether  by  forcing 
the  air  into  the  molten  iron.  The  most  generally  known  of  the  processes 
devised  for  this  purpose  is  that  of  Bessemer,  which  consists  in  running 
the  melted  cast-iron  into  a  huge  crucible,  and  forcing  air  up  through  it 
under  considerable  pressure,  thus  combining  the  purifying  influence  of  the 
blast  of  air  in  the  refinery  with  the  mechanical  agitation  effected  in  the 
puddling  furnace.    Bessemer's  converting  vessel  (fig.  234)  is  a  large,  nearly 

cylindrical  crucible  of  "wrought  iron, 
lined  with  fire-clay,  having  apertures 
(A)  at  the  bottom,  through  which  air 
is  blown  at  a  pressure  of  fifteen  or 
twenty  pounds  upon  the  inch.  This 
vessel  is  sometimes  large  enough  to 
receive  ten  tons  of  cast-iron  for  a  charge. 
The  metal  haAdng  been  melted  in  a 
separate  furnace,  is  run  into  the  con- 
verting vessel,  the  blast  being  already 
turned  on  so  that  the  liquid  iron  may 
not  run  into  the  air  tubes.  The  iron 
burns  vividly  in  the  current  of  air,  and  the  oxide  of  iron  produced  is  dif- 
fused in  a  melted  state  through  the  mass  of  metal  by  the  rapid  cun-ent  of 
air.  This  oxide  of  iron  acts  upon  the  silicon  and  carbon  ia.  the  cast-iron, 
converting  the  latter  iato  carbonic  oxide,  which  burns  with  flame  at  the 
mouth  of  the  converter,  and  the  former  into  silicic  acid,  which  enters  into 
the  slag,  and  is  carried  up  as  a  froth  to  the  surface  of  the  liquid  ii-on. 
The  blast  of  air  is  continued  for  about  twenty  minutes,  when  the  disap- 
pearance of  the  flame  of  carbonic  oxide  indicates  the  completion  of  the 
process ;  but  the  remaining  purified  iron  is  not  pasty,  as  in  the  puddling 
furnace,  being  retained  in  a  perfectly  liquid  condition  by  the  high  tem- 
perature resulting  from  the  combustion  of  part  of  the  iron,  so  that  the 
metal  may  be  run  out  into  moulds  by  tiltmg  the  converting  vessel.  In 
this  way  about  85  parts  of  bar-iron  are  obtained  from  100  of  pig-iron. 

Although  so  great  an  economy  of  time  and  labour  would  result  from 
the  application  of  Bessemer's  process,  it  has  not  superseded  the  puddling 
process,  because  it  does  not  remove  the  sulphur  and  phosphorus  from  the 
pig-iron,  so  that  only  the  best  varieties  of  that  material,  extracted  from 
haematite  or  magnetic  ore,  yield  a  bar-iron  of  good  quality  when  purified 
in  this  way.  Its  application  to  the  manufacture  of  steel  will  be  noticed 
hereafter.  The  effect  of  the  Bessemer  process  upon  a  particular  specimen 
of  pig-iron  is  shown  in  the  table. 


In  100  parts  of  Pig-iron. 

Before. 

After. 

3-309 

0-218 

0-595 

none 

0-485 

0-402 

1-012 

1-102 

Composition  of  bar-iron. — Even  the  best  bai'-iron  contains  from  Q-l  to 
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0-5  per  cent,  of  carbon,  together  witli  minute  proportions  of  silicon,  sul- 
phur, and  phosphorus.  Perfectly  piu-e  iron  is  inferior  in  hardness  and 
tenacity  to  tliat  which  contains  a  small  proportion  of  carbon. 

Bar-ii-on  is  liable  to  two  important  defects,  Avhich  are  teclinically  known 
as  cold-shortness  and  red-shortness.  Cold-short  iron  is  brittle  at  ordinary 
temperatures,  and  appears  to  owe  this  to  the  presence  of  phosphorus, 
of  which  element  0-5  per  cent,  is  sufficient  materially  to  diminish  the 
tenacity  of  the  ii'on.  When  the  iron  is  liable  to  brittleness  at  a  red  heat, 
it  is  terined  red-short  iron,  and  a  very  little  sulphur  is  sufficient  to  affect 
the  quality  of  the  iron  in  this  respect. 

There  is  much  difference  of  opinion  as  to  the  true  causes  of  the  varia- 
tion in  the  strength  of  wrought-iron,  and  this  is  not  surprising  when 
we  reflect  upon  the  number  of  circumstances  which  may  be  reasonably 
expected  to  exert  some  influence  upon  it.  Not  only  the  proportions  of 
carbon,  silicon,  sulphur,  phosi3horus,  and  manganese  may  be  supposed  to 
affect  the  quality  of  the  iron,  but  the  state  of  combination  in  which  these 
elements  exist  in  the  mass  is  not  unlikely  to  cause  a  difference.  It  also 
appears  certain  that  the  mechanical  structure,  dependent  upon  the  arrange- 
ment of  the  particles  composing  the  mass  of  metal,  has  at  least  as  much 
influence  upon  the  tenacity  of  the  iron  as  its  chemical  composition. 

The  best  bar-iron,  if  broken  slowly,  always  exhibits  a  fibrous  structure, 
the  particles  of  iron  being  arranged  in  parallel  lines.  This  appears  to  con- 
tribute greatly  to  the  strength  of  the  iron,  for  when  it  is  wanting,  and  the 
bar  is  composed  of  a  confused  mass  of  crystals,  it  is  weaker  in  proportion 
to  the  size  of  the  crystals.  The  presence  of  phosphorus  is  said  to  favour 
the  formation  of  large  crystals,  and  hence  to  produce  cold-shortness.  There 
is  some  reason  to  believe  that  the  fibrous  is  sometimes  exchanged  for  the 
crystalline  texture  under  the  influence  of  frequent  vibrations,  as  in  the 
case  of  railway  axles,  gh'ders  of  suspension-bridges,  &c. 

Considering  the  difficult  fusibility  of  bar-iron,  it  is  fortunate  that  it 
possesses  the  property  of  being  ivelded,  that  is,  of  being  united  by  ham- 
mering when  softened  by  heat.  It  is  customary  first  to  sprinkle  the 
heated  bars  with  sand  or  clay  in  order  to  convert  the  superficial  oxide  of 
iron  into  a  Uquid  sihcate,  which  wiU  be  forced  out  from  between  them^  by 
hammering,  leaving  the  clean  metallic  surfaces  to  adhere.  Burnt  iron 
does  not  weld,  and  is  largely  crystalline  in  structure. 


Manufacture  of  Steel. 

21.5.  Steel  differs  from  bar-iron  in  possessing  the  property  of  becoming 
very  hard  and  brittle  when  heated  to  redness  and  then  suddenly  cooled 
by  being  plunged  into  water.  Perfectly  laure  iron,  obtained  by  the  elec- 
trotype process,  is  not  hardened  by  sudden  cooling;  but  all  bar-u'on 
which  contains  carbon  does  exhibit  this  property  in  a  gi-eater  or  less 
degree  according  to  the  proportion  of  carbon  present.  It  does  not  become 
decidedly  steely,  however,  until  the  carbon  amoimts  to  0-5  per  cent.  The 
best  steel  contains  about  1-5  per  cent,  of  carbon,  and  when  the  proportion 
reaches  1-7  per  cent,  it  begins  to  assume  the  properties  of  cast-iron.  Bar- 
iron  may,  therefore,  be  converted  into  steel  by  the  addition  of  about  1-5 
per  cent,  of  carbon,  and,  conversely,  cast-iron  is  converted  into  steel  when 
the  quantity  of  carbon  contained  in  it  is  reduced  to  about  1'5  per  cent. 
There  are  tlius  two  processes  by  which  steel  may  be  produced ;  but  that 
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wliich.  is  employed  almost  exclusively  in  tliis  country  consists  in  combin- 
ing bar-iron  witk  the  requisite  amount  of  carbon  by  what  is  tecluiicaUy 
known  as  cementation,  the  bars  being  imbedded  in  charcoal  and  exposed 
for  several  days  to  a  high  temperature. 

The  operation  is  elfected  in  large  chests  of  fire-brick  or  stone,  about  10 
or  12  feet  long  by  3  feet  wide  and  3  feet  deep. 


Two  of  these  chests  are  built  into  a  dome-shaped  furnace  [converting 
furnace,  fig.  235),  so  that  the  flame  may  circulate  round  them,  and  the 
furnace  is  surrounded  with  a  conical  jacket  of  brick-work  in  order  to  allow 
a  steady  temperature  to  be  maintained  in  it  for  some  days.  The  charcoal 
is  ground  so  as  to  pass  through  a  sieve  of  \  inch  mesh,  and  spread  in  an 
even,  layer  upon  the  bottom  of  the  chests.  Upon  this  the  bars  of  iron, 
which  must  be  of  the  best  quality,  are  laid  in  regular  order,  a  small  in- 
terval being  left  between  them,  which  is  afterwards  filled  in  with  the 
charcoal  powder,  with  a  layer  of  which  the  bars  are  now  covered ;  over 
this  more  bars  are  laid,  then  another  layer  of  charcoal,  and  so  on  until  the 
chest  is  filled.  Each  chest  holds  5  or  6  tons  of  bars.  One  of  the  bars  is 
allowed  to  project  through  an  opening  in  the  end  of  the  chest,  so  that 
the  workmen  may  vnthdraw  it  from  time  to  time  and  judge  of  the  progi-ess 
of  the  operation.  The  whole  is  covered  in  with  a  layer  of  about  6  inches 
of  damp  clay  or  sand. 

The  fire  is  carefully  and  gradually  lighted,  lest  the  chests  should  be 
split  by  too  sudden  application  of  heat,  and  the  temperature  is  eventually 
raised  to  about  the  fusing  point  of  copper  (2000°  F.),  at  which  it  is  main- 
tained for  a  period  varying  with  the  quality  of  steel  which  it  is  desired  to 
obtain.  Six  or  eight  days  suffi'ce  to  produce  steel  of  moderate  hardness ; 
but  the  process  is  continued  for  three  or  four  days  longer  if  very  hard 
steel  be  required.  The  fire  is  gradually  extinguished,  so  that  the  chests 
are  about  ten  days  in  cooling  down. 

On  opening  the  chests,  the  bars  are  found  to  have  suflered  a  remarkable 
change  both  in  their  external  appearance  and  internal  structure.  They 
are  covered  with  large  blisters,  obviously  produced  by  some  gaseous  sub- 
stance raising  the  softened  surface  of  the  metal  in  its  attempt  to  escape. 
It  is  conjectured  either  that  the  small  quantity  of  sulphur  present  in  the 
bar-iron  is  converted  into  bisulphide  of  carbon  during  the  cementation 
process,  and  that  the  vapour  of  this  substance  swells  the  softened  metal 


Fig.  235.— Furnace  for  converting  bar-iron  into  steel. 
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into  bubbles  as  it  passes  oil';  or  tliat  the  blisters  are  caused  by  carbonic 
oxide  produced  by  the  action  of  the  carbon  upon  particles  of  slag  acci- 
dentally present  in  the  bar.  On  breaking  the  bars  across,  the  fracture  is 
found  to  have  a  hnely  granular  structiu-e,  instead  of  the  fibrous  appearance 
exhibited  by  bar-iron.  Chemical  analysis  shows  that  the  iron  has  com- 
bined with  about  1-5  per  cent,  of  carbon,  and  the  most  remarkable  part 
of  the  residt  is  that  tliis  carbon  is  not  only  found  in  the  external  layer  of 
iron,  which  has  been  in  direct  contact  with  the  heated  charcoal,  but  is 
also  present  in  the  very  centre  of  the  bar.  It  is  this  transmission  of  the 
solid  carbon  through  the  solid  mass  of  iron  which  is  implied  by  the  term 
cementation.  The  chemistry  of  the  process  probably  consists  in  the  forma- 
tion of  carbonic  oxide  from  the  small  quantity  of  atmospheric  oxygen  in 
the  chest,  and  the  removal  of  one-half  of  the  carbon  from  tliis  carbonic 
oxide,  by  the  iron,  which  it  converts  into  steel,  leaving  carbonic  acid 
(2C0  -  C  =  CO,)  to  be  reconverted  into  carbonic  oxide  by  taking  up 
more  carbon  from  the  charcoal  (CO2  -I-  C  =  CO),  which  it  transfers  again 
to  the  iron.  Experiment  has  recently  shown  that  soft  iron  is  capable  of 
absorbing,  mechanically,  4-15  volumes  of  carbonic  oxide  at  a  low  red  heat, 
so  that  the  action  of  the  gas  upon  the  metal  may  occur  throughout  the 
substance  of  the  bar.  The  carbonic  oxide  is  retained  unaltered  by  the 
iron,  after  cooling,  unless  the  bar  is  raised  to  the  temperature  required  for 
the  production  of  steel. 

The  blistered  steel  obtained  by  this  process  is,  as  would  be  expected, 
far  from  uniform  either  in  composition  or  in  texture ;  some  portions  of 
the  bar  contain  more  carbon  than  others,  and  the  interior  contains  nume- 
rous cavities.  In  order  to  improve  its  quality,  it  is  subjected  to  a  process 
of  fagotting  similar  to  that  mentioned  in  the  case  of  bar-iron ;  the  bars 
of  blistered  steel,  being  cut  into  short  lengths,  are  made  up  into  bundles, 
which  are  raised  to  a  welding  heat,  and  placed  under  a  tilt-hammer 
weighing  about  2  cwt.,  which  strikes  two  or  three  hundred  blows  in  a 
minute ;  in  this  way,  the  several  bars  are  consolidated  into  one  compound 
bar,  which  is  then  extended  under  the  hammer  till  of  the  requii-ed 
dimensions.  The  bars,  before  being  hammered,  are  sprinkled  with  sand, 
which  combines  with  the  oxide  of  iron  upon  the  sui-face,  and  forms 
a  vitreous  layer  which  protects  the  bar  from  further  oxidation.  _  The 
steel  which  has  been  thus  hammered  is  much  denser  and  more  uniform 
in  composition ;  its  tenacity,  malleability,  and  ductility  are  greatly  in- 
creased, and  it  is  fitted  for  the  manufacture  of  shears,  files,  and  other 
tools.  It  is  commonly  known  as  shear  steel.  Double  shear  steel  is 
obtained  by  breaking  the  tilted  bars  in  two,  and  welding  these  into  a 
compound  bar. 

The  best  variety  of  steel,  however,  which  is  perfectly  homogeneous  m 
composition,  is  that  Imown  as  cast  steel,  to  obtain  which,  about  30  lbs.  of 
blistered  steel  are  broken  into  fragments,  and  fused  in  a  fire-clay  crucible, 
heated  in  a  wind-furnace,  the  surface  of  the  metal  being  protected  from 
oxidation  by  a  little  glass  melted  upon  it.  The  fused  steel  is  cast  into 
ingots,  several  crucibles  being  emptied  simultaneously  into  the  same 
mould.  Cast  steel  is  far  superior  in  density  and  hardness  to  shear  steel, 
but  since  it  is  exceedingly  brittle  at  a  red  heat,  great  care  is  necessary  in 
forging  it.  It  has  been  found  that  the  addition,  to  100  parts  of  the  cast 
steel,  of  one  part  of  a  mixture  of  charcoal  and  oxide  of  manganese,  pro- 
duces a  very  fine  grained  steel  which  admits  of  being  cast  on  to  a  bar  of 
wrought-iron  in  the  ingot-mould,  so  that  the  tenacity  of  the  latter  may 


318 


TEMPKRING  OF  STEKL. 


compensate  for  the  brittlencss  of  tlio  steel  when  the  compound  bar  is 
forged,  the  wrought-iron  forming  the  back  of  the  implement,  and  the 
steel  its  cutting  edge. 

This  addition  of  manganese  to  the  cast  steel  (Heath's  patent)  has  effected 
a  great  reduction  in  its  cost,  allowing  the  use  of  blister  steel  made  from 
British  bar-iron,  whereas,  before  its  introduction,  only  the  expensive  ii'on 
of  Swedish  or  Eussian  make  could  be  employed. 

After  the  steel  has  been  forged  into  the  shape  of  any  implement,  it  is 
hardened  by  beiug  heated  to  redness,  and  suddenly  chilled  in  cold  water, 
or  oil  or  mercury.  It  is  thus  rendered  nearly  as  hard  as  diamond,  at  the 
same  time  increasiug  slightly  in  volume  (sp.  gr.  of  cast  steel  7-93,  after 
hardening,  7 '6  6).  The  chemical  difference  between  hard  and  soft  steel 
appears  to  be  of  the  same  kind  as  that  between  grey  and  white  cast-iron 
(p.  307),  the  great  proportion  of  the  carbon  in  hard  steel  being  in  combiua- 
ation  with  the  metal,  while  in  soft  steel  the  greater  part  seems  to  be  iu 
intimate  mechanical  admixture  with  the  iron,  for  it  is  left  undissolved  on 
treating  the  steel  with-  an  acid.  If  the  hardened  steel  be  heated  to  red- 
ness, and  allowed  to  cool  slowly,  it  is  again  converted  into  soft  steel,  but 
by  heating  it  to  a  temperature  short  of  a  red  heat,  its  hardness  may  be 
proportionally  reduced.  Tliis  is  taken  advantage  of  in  annealing  the 
steel  or  "  letting  it  down"  to  the  proper  temper.  The  very  hardest  steel 
is  almost  as  brittle  as  glass,  and  totally  unfit  for  any  ordinary  use,  but 
by  heating  it  to  a  given  temperature  and  allowing  it  to  cool,  its  elasti- 
city may  be  increased  to  the  desired  extent,  without  reducing  its  hard- 
ness below  that  required  for  the  implement  in.  hand.  On  heating  a  steel 
blade  gradually  over  a  flame,  it  will  acquire  a  light  yeUow  colom-  when 
its  temperature  reaches  430°  F.,  from  the  formation  of  a  thin  filtn  of 
oxide ;  as  the  temperature  rises,  the  thickness  of  the  film  iucreases,  and 
at  470°  a  decided  yeUow  colour  is  seen,  which  assumes  a  brown  shade 
at  490°,  becomes  purple  at  520°,  and  blue  at  550°.  At  a  still  higher 
temperature  the  -film  of  oxide  becomes  so  thick  as  to  be  black  and 
opaque.  Steel  which  has  been  heated  to  430°,  and  allowed  to  cool  slowly, 
is  said  to  be  tempered  to  the  yellow,  and  is  hard  enough  to  take  a  very 
fine  cutting  edge,  whilst,  if  tempered  to  the  Hue,  at  550°,  it  is  too  soft  to 
take  a  very  keen  edge,  but  has  a  very  high  degree  of  elasticity.  The  fol- 
lowing table  indicates  the  tempering  heats  for  various  implements  : — 


Tempering  of  Steel. 


Temperature,  F. 

Colour. 

Implements  thus  tempered. 

430°  to  450°. 

470° 

490° 

510° 

520° 

530°  to  570°. 

Straw-yellow. 

Yellow. 

Brown-yellow. 

Brown-purple. 

Purple. 

Blue. 

Kazors,  lancets. 
Pen-knives. 

Large  shears  for  cutting  metal. 

Clasp-knives. 

Table-knives. 

Watch-springs,  sword-blades. 

If  a  knife  blade  be  heated  to  redness,  its  temjjer  is  spoilt,  for  it  is 
converted  into  soft  steel. 

In  general,  the  steel  implements  are  ground  after  being  tempered,  so 
that  they  are  not  seen  of  the  colours  mentioned  above,  except  in  the  case 
of  watch-springs. 
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A  steel  blade  may  be  easily  distinguisliod  from  iron  by  placing  a  drop 
of  diluted  nitric  acid  upon  it,  when  a  dark  stain  is  produced  upon  the 
steel,  from  the  separation  of  the  carbon. 

Some  small  instruments,  such  as  keys,  gun-locks,  &c.,  which  are  ex- 
posed to  considerable  wear  and  tear  by  friction,  and  require  the  external 
hardness  of  steel  without  its  brittleness,  are  forged  from  bar-iron,  and 
converted  externally  into  steel  by  the  process  of  case-hardening,  which 
consists  in  heating  them  in  contact  with  some  substance  containing  carbon 
(such  as  bone-dust,  yellow  prussiate  of  potash,  &c.)  A  process  which  is 
the  reverse  of  this  is  adopted  in  order  to  increase  the  tenacity  of  stirrups, 
bits,  and  similar  articles  made  of  cast-iron;  by  heating  them  for  some 
hours,  in  contact  with  oxide  of  iron  or  manganese,  their  carbon  and  silicon 
are  removed  in.  the  forms  of  carbonic  oxide  and  sUicic  acid,  and  they  be- 
come converted  into  malleable  cast-iron. 

The  opinion  that  steel  owes  its  properties  entirely  to  the  presence  of 
carbon  is  not  universally  entertained.  Some  chemists  believe  that  nitrogen 
(or  some  analogous  element)  is  an  indispensable  constituent,  but  the  pro- 
portion of  nitrogen  found  in  steel  is  too  minute  to  warrant  this  supposi- 
tion. Titanium  is  alleged  by  some  authorities  to  have  an  important 
influence  upon  the  quality  of  steel,  but  this  also  appears  to  be  a  doubtful 
matter.  Bar-iron  may  be  converted  into  steel  by  being  kept  at  a  liigh 
temperature  in  an  atmosphere  of  coal-gas,  from  which  it  abstracts  carbon. 

Bessemer  steel  was  originally  produced  by  arresting  the  purification  of 
cast-iron  in  Bessemer's  process  (page  314),  as  soon  as  the  carbon  had  dimi- 
nished to  about  1"5  per  cent.,  when  the  steel  was  poured  out  in  the  fused 
state,  i.e.,  in  the  form  of  cast  steel.  A  steel  of  better  quality,  however, 
has  been  obtained  by  continuing  the  purification  until  liquid  bar-iron 
remains  in  the  converter,  and  introducing  the  proper  proportion  of  carbon 
in  the  form  of  a  peculiar  description  of  white  cast-iron  known  as  Spiegel- 
eisen  (mirror  iron),  Avhich  crystallises  in  lustrous  tabular  crystals,  and 
contains  large  proportions  of  carbon  and  manganese,  being  obtained  by 
smelting  spathic  iron  ore  rich  in  manganese,  with  charcoal  as  fuel.  The 
Spiegel-eisen  is  added,  in  a  melted  state,  to  the  Bessemer  iron  before  pour- 
ing from  the  converter. 

The  composition  of  a  sample  of  Spiegel-eisen  smelted  from  a  spathic  ore, 
found  near  Miisen  in  Prussia,  is  here  given  : — 

Spiegel-eisen. 

Iron,       .  .  .  82"86 

Manganese,  .  .  10-71 

Silicon,    .  .  .  1-00 

Carbon,    .  .  .  4-32 

98-89 

Homogeneous  iron,  as  it  is  called,  is  really  a  mild  steel  containing  a  low 
percentage  of  carbon,  and  obtained  by  fusing  the  best  Swedish  bar-iron 
with  carbonaceous  matters.  It  is  remarkable  for  its  malleability  and 
toughness,  and,  having  undergone  complete  fusion,  it  is  more  likely  to  be 
homogeneous  in  composition  and  structui'e  than  wrought-iron  produced 
by  puddling. 

Parrj/s  steel  is  manufactured  by  molting  bar-iron  with  fuel  free  fi'om 
sulphur  and  phosphorus,  so  as  to  obtain  a  very  pure  cast-iron,  which  is 
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then  partly  decarbonised  by  a  process  similar  to  Bessemer's.  The  addi- 
tion of  manganese  improves  its  quality. 

Puddled  steel  is  obtained  by  arresting  the  puddling  process  at  an  earlier 
stage  than  usual,  so  as  to  leave  a  proportion  of  carbon  varying  from  0-5 
to  1  "0  per  cent. 

Natural  steel  or  German  steel  results  in  a  similar  way,  from  the  incom- 
plete purification  of  cast-iron  in  the  refinery.  The  presence  of  manganese 
in  the  iron  is  favourable  to  its  production. 

Krupp's  cast  steel,  manufactured  at  Essen  near  Cologne,  and  employed 
for  ordnance,  shells,  &c.,  is  a  puddled  steel  made  from  haematite  and  spathic 
ore  smelted  with  coke.  The  iron  thus  obtained  contains  much  manganese, 
which  is  removed  in  the  puddling  process.  Krupp's  steel  contains  about 
1  -2  per  cent  of  combined  carbon,  and  is  fused  with  a  little  bar-iron  for 
casting  ordnance.  The  fusion  is  effected  in  black  lead  crucibles  holding 
30  lbs.  each,  of  which  as  many  as  1200  are  emptied  simultaneously  into 
the  moirld  for  the  largest  castings.  A  casting  of  1 6  tons  requires  about 
400  men,  who  act  together  in  weU-disciplined  gangs,  so  that  the  stream 
of  molten  metal  shall  flow  continuously  along  the  gutters  into  the  mould. 
Such  large  castings  must  be  allowed  to  cool  very  gradually,  so  that  they 
are  kept  surrounded  with  hot  cinders,  sometimes  for  two  or  three  months, 
till  required  for  forging. 

216.  Direct  extraction  of  torougJit-iron  from  the  ore. — Where  very  rich 
and  pure  ores  of  iron,  such  as  htematite  and  magnetic  iron  ore,  are  obtain- 
able, and  fuel  is  abundant,  the  metal  is  sometimes  extracted  without  being 


Fig.  236.— Catalan  forge  for  smelting  iron  ores. 


converted  into  cast-iron.  It  is  probable  that  the  iron  of  antiquity  was 
extracted  in  this  way,  for  it  is  doubtful  whether  cast-u-on  was  known  to 
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tlie  ancients,  and  tho  slag  left  from  old  iron-works  does  not  indicate  the 
use  of  any  flux.  Some  works  of  this  description  are  still  in  operation  in 
the  Pyrenees,  where  tho  Catalan  process  is  employed.  The  crucible  is 
lined  at  the  sides  with  tliick  ii'on  plates,  and  at  the  bottom  with  a  refrac- 
tory stone.  A  quantity  of  red-hot  charcoal  is  thi'own  into  it,  and  the  space 
above  tliis  is  temporarily  divided  into  two  compartments  by  a  shovel. 
The  compartment  nearest  to  the  pipe  thi'ough  which  the  blast  enters  is 
charged  with  charcoal,  and  the  other  compartment  with  the  calcined  ore 
in  smaU  pieces.  The  shovel  is  then  withdrawn,  and  a  gradually  increasing 
cm-rent  of  air  supplied,  fresh  ore  and  fuel  being  added  as  they  sink  down. 
One  part  of  the  oxide  of  iron  is  reduced  to  the  metallic  state  by  the 
carbonic  oxide,  and  the  rest  combines  with  the  sOica  present  in  the  ore  to 
form  a  slag.  After  about  five  hours  the  spongy  masses  of  bar-iron  are 
collected  into  a  ball  upon  the  end  of  an  iron  rod,  and  hammered  into  a 
compact  mass  like  the  metal  obtained  in  the  puddling  furnace.  The 
bloAving  machine  employed  in  the  Pyrenees  is  one  in  which  the  fall  of 
water  from  a  cistern  down  a  long  wooden  pipe,  sucks  in,  through  lateral 
apertures,  a  supply  of  air  which  it  carries  down  with  it  into  a  box,  from 
which  the  pressure  of  the  column  of  water  projects  it  with  some  force 
through  the  blast-pipe,  the  water  escaping  from  the  box  through  another 
aperture. 

In  the  North  American  hloomery  forges  a  modernised  form  of  the  same 
process  is  adopted. 

The  wrought-iron  produced  by  tliis  process  always  contains  a  larger 
proportion  of  carbon  than  puddled  iron,  and  is  therefore  somewhat  steely 
in  character. 

217.  Exlraction  of  iron  on  the  small  scale. — In  the  laboratory,  iron  may  be  extracted 
from  hsematite  in  the  following  manner: — A  fire-clay  crucible  (A,  fig.  237),  about  3 
inches  high,  is  filled  with  damp  charcoal  powder,  rammed  down  in  successive  layers  ; 
a  smootli  conical  cavity  is  scooped  in  the 
charcoal,  and  a  mixture  of  100  grs.  red  hse- 
matite,  25  grs.  chalk,  and  25  grs.  pipe-clay, 
is  introduced  into  it;  the  mixture  is  covered 
with  a  layer  of  charcoal,  and  a  lid  placed  on 
the  crucible,  which  is  heated  in  a  Sefstrom 
blast  furnace,*"  fed  with  coke  in  small  pieces, 
for  about  half  an  hour.  On  breaking  tho 
cold  crucible,  a  button  of  cast-iron  will  be 
obtained.  Chemically  pure  iron  may  be 
prepared  by  fusing  tho  best  wire-iron  with 
about  one-fifth  of  its  weight  of  pure  peroxide 
of  iron,  to  oxidise  the  carbon  and  silicon 
which  it  contains.  Some  powdered  green  glass,  perfectly  free  from  lead,  must  be 
employed  as  a  flux,  and  the  crucible  (with  its  cover  well  cemented  on  with  fire-clay) 
exposed  for  an  hour  to  a  very  higli  temperature.  A  silvery  button  of  pure  iron  will 
then  be  obtained. 

218.  Chemical  properties  of  iron. — In  its  ordinary  condition,  iron  is 
unaffected  by  perfectly  dry  air,  but  in  the  presence  of  moisture  it  is 
gradually  converted  into  hydrated  sesquioxide  of  iron  (2Fe20s .  3H0),  or 
ru.^.  This  conversion  takes  place  more  rapidly  when  carbonic  acid  is 
present,  water  being  then  decomposed,  and  carbonate  of  U'on  formed 
(Fe  -f  HO  +  CO2  =  FeO .  CO2  +  H) ;  this  is  dissolved  by  the  carbonic 

*  This  very  useful  furiiaco,  shown  in  section  in  fig.  237,  consists  of  two  iron  cylinders 
with  a  spacc'(B)  betwoou  tlieni,  into  which  air  is  forced  through  the  tube  C  by  a  double- 
action  bellows.  The  inner  cylinder  has  a  fire  clay  lining  (D),  through  which  four  or  six 
copper  tubes  (E)  admit  tho  blast  into  the  fuel. 
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Fig.  237. — Sefstrom  furnace. 
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acid  present,  and  the  solution  rapidly  absorbs  oxygen  from  the  air,  depo- 
siting the  sesquioxide  of  iron  in  a  hydrated  state — 

2(FeO.CO,)    +    0  =   Fe^O^   +  2C0,. 

When  iron  nails  are  driven  into  a  new  oaken  fence,  a  black  streak  wiU. 
soon  be  observed  descending  from  each  naU,  caused  by  the  formation  of 
tannate  of  ii'on  (ink)  by  the  action  of  the  tannic  acid  in  the  wood  upon 
the  solution  of  carbonate  of  iron  formed  from  the  naUs.  The  diffusion  of 
iroTi-mould  stains  thi'ough  the  fibre  of  wet  linen  by  contact  "vvith  a  nail  is 
also  caused  by  the  formation  of  solution  of  carbonate  of  iron.  The  iron 
in  chalijheate  waters  is  also  generally  present  in  the  form  of  carbonate 
dissolved  in  carbonic  acid,  and  hence  the  rusty  deposit  which  is  formed 
when  they  are  exposed  to  the  air.  Iron  does  not  rust  in  water  containing 
a  free  alkali,  or  alkaline  earth,  or  an  alkaline  carbonate. 

Concentrated  sulphuric  and  nitric  acids  do  not  act  upon  iron  at  the 
ordinary  temperature,  though  they  dissolve  it  rapidly  when  diluted. 
Even  when  boiling,  strong  sulphuric  acid  acts  upon  it  but  slowly. 
When  iron  has  been  immersed  in  strong  nitric  acid  (sp.  gr.  1  "45),  it  is 
found  to  be  unacted  upon  when  subsequently  placed  in  diluted  nitric 
acid,  unless  previously  wiped ;  it  is  then  said  to  have  assumed  the  jpc-ssive 
state.  K  iron  wire  be  placed  in  nitric  acid  of  sp.  gr.  1*35,  it  is  acted 
upon  immediately,  but  if  a  piece  of  gold  or  platinum  be  made  to  touch  it 
beneath  the  acid,  the  iron  assumes  the  passive  state,  and  the  action  ceases 
at  once.  A  state  similar  to  this,  the  cause  of  which  has  not  yet  been 
satisfactorily  explained,  is  sometimes  assumed  by  other  metals,  though  in 
a  less  marked  degree. 

219.  Oxides  of  iron. — Three  compounds  of  iron  with  oxygen  are  known 
in  the  separate  state,  and  one  is  believed  to  exist  in  certain  compounds — 

Protoxide  of  iron,  or  ferrous  oxide,  FeO 

Sesquioxide  or  peroxide  of  iron,  or  ferric  oxide,  Fe^Og 

Magnetic  oxide,  or  ferroso-ferric  oxide,  FcjO^ 

Ferric  acid  (?),  FeOg  . 

The  protoxide  of  iron  is  little  known  in  the  separate  state  on  account  of 
the  readiness  with  which  it  absorbs  oxygen  and  forms  sesquioxide  of  iron. 
If  a  little  potash  or  ammonia  be  added  to  a  solution  of  the  green  sulphate 
of  iron  (FeO .  SO3),  a  whitish  precipitate  of  hydrated  protoxide  of  iron  is 
formed,  which  immediately  absorbs  oxygen,  and  is  converted  into  the 
dingy  green  hydrate  of  the  magnetic  oxide ;  on  exposing  this  to  the  air, 
it  absorbs  more  oxygen  and  becomes  brown  hydrated  peroxide.  This 
disposition  of  the  hydrated  protoxide  to  absorb  oxygen  is  turned  to 
advantage  when  a  mixture  of  sulphate  of  iron  with  lime  or  potash  is 
employed  for  converting  blue  into  white  indigo.  The  protoxide  of  iron 
is  a  strong  base. 

Peroxide  or  red  oxide  of  iron  has  been  akeady  noticed  among  the  ores 
of  iron,  and  has  also  been  referred  to  as  occurring  in  commerce  under  the 
names  of  colcothar,  jeweller's  rouge,  and  Venetian  red,  which  are  obtained 
by  the  calcination  of  the  green  sulphate  of  iron — 

2(FeO .  SO3)    =    Fe^^,    +     SO^    +     SO,  . 

The  hydrated  peroxide  (2Fe,0., .  3H0),  obtained  by  decomposing  a  solu- 
tion of  perchloride  of  iron  with  an  alkali,  forms  a  brown  gelatinous 
precipitate,  which  is  easily  dissolved  by  acids ;  but  if  it  be  dried  and 
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lioated  to  dull  redness  it  exhibits  a  sudden  glow,  and  is  converted  into  a 
modification  which  is  dissolved  with  great  difficulty  by  acids,  although 
it  has  the  same  composition  as  the  soluble  form  which  has  not  been 
strongly  heated.  "When  the  peroxide  of  iron  is  heated  to  whiteness  it 
loses  oxygen,  and  is  converted  into  magnetic  oxide  of  iron — 

3¥efi.^    =    2Fe,0,    +     0  . 

Existing  as  it  does  in  aU  soils,  sesquioxide  of  iron  is  believed  to  fulfil  the 
purpose  of  oxidising  the  organic  matter  in  the  soil,  and  converting  its  carbon 
into  carbonic  acid,  to  be  absorbed  by  the  plant ;  the  sesquioxide  being  thus 
reduced  to  protoxide,  which  is  oxidised  by  the  air,  and  fitted  to  perform 
again  the  same  office.  The  sesquioxide  of  iron,  like  alumina,  is  a  weak 
base,  and  even  exhibits  some  tendency  to  play  the  part  of  an  acid  towards 
strong  bases,  though  not  in  so  marked  a  degree  as  aliimina. 

Magnetic  or  black  oxide  of  i7-on  is  generally  regarded  as  a  compound 
of  the  protoxide  with  the  sesquioxide  of  iron  (FeO  .  Fe^O,),  a  view  which 
is  confirmed  by  the  occurrence  of  a  number  of  minerals  having  the  same 
crystalline  form  as  the  native  magnetic  oxide  of  iron,  in  which  the  iron, 
or  part  of  it,  is  displaced  by  other  metals.  Thus,  spinelle  is  MgO .  AI2O3 ; 
FranMinite,  ZnO  .  FcjOg ;  chrome-iron  ore,  FeO .  Cr^Oj .  The  natural 
magnetic  oxide  was  mentioned  among  the  ores  of  iron,  and  this  oxide  has 
been  seen  to  be  the  result  of  the  action  of  air  or  steam  upon  iron  at  a 
high  temperature.  The  hydrated  magnetic  oxide  of  iron  (FejO^ .  HO)  is 
obtained  as  a  black  ciystalline  powder  by  mixing  one  equivalent  of  proto- 
sulphate  with  one  equivalent  of  persulphate  of  iron,  and  pouring  the 
mixture  into  a  slight  excess  of  solution  of  ammonia,  which  is  afterwards 
boiled  with  it.  Magnetic  oxide  of  iron,  when  acted  upon  by  acids,  yields 
•  mixtures  of  protosalts  and  persalts  of  iron,  so  that  it  is  not  an  independent 
basic  oxide. 

Ferric  acid  \s  only  known  in  combination  with  bases  as  ferrates.  When  iron  filings 
are  strongly  heated  with  nitre,  and  the  mass  treated  with  a  little  water,  a  fine  purple 
solution  of  ferrate  of  potash  is  obtained.  A  better  method  of  preparing  this  salt 
consists  in  suspending  1  part  of  freshly  precipitated  sesquioxide  of  iron  in  50  parts 
of  water,  adding  30  parts  of  solid>  hydrate  of  potash,  and  saturating  the  mixture 
with  chlorine  (Fe203  +  C\  +  5K0  —  3KC1  +  2(K0 .  FeOg) ;  the  ferrate  of  potash 
forms  a  black  precipitate,  being  insoluble  in  the  strongly  alkaline  solution,  though 
it  dissolves  in  pure  water  to  form  a  purple  solution,  which  is  decomposed  even  by 
dilution,  oxygen  escaping,  and  hydrated  peroxide  of  iron  being  precipitated ; 
2(K0 .  FeOj)  =  2K0  +  Fe^Oj  +  O3 .  A  similar  decomposition  takes  place  on 
boiling  a  strong  solution,  or  on  adding  an  acid  with  a  view  to  liberate  the  ferric 
acid.  The  ferrates  of  baryta,  strontia,  and  lime  are  obtained  as  fine  red  precipitates 
when  solutions  of  their  salts  are  mixed  with  ferrate  of  potash. 

220.  Protosulpliate  of  iron,  copperas,  green  vitriol,  or  ferrous  sulphate, 
is  easily  obtained  by  heatiag  1  part  of  iron  wire  with  1|  parts  of  strong 
sulphuric  acid,  mixed  with  4  times  its  weight  of  water,  until  the  whole  of 
the  metal  is  dissolved,  when  the  solution  is  allowed  to  crystallise.  Its 
manufacture  on  the  large  scale  by  the  oxidation  of  iron  pyrites  has  been 
already  referred  to. 

It  forma  fine  green  rhomboidal  crystals,  having  the  composition — 

FeO.SO3.IIO    +  6Aq. 

The  colour  of  the  crystals  varies  somewliat,  from  the  occasional  presence 
of  small  quantities  of  the  sulphate  of  sesquioxide  of  iron  (Fo.p,, .  380,).  It 
'lisaolves  very  easily  in  twice  its  weight  of  cold  water,  yielding  a  pale  green 
solution.    When  the  commercial  sulpliatc  of  iron  is  boiled  with  water  it 
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yields  a  Lro-vvii  muddy  solution,  in  consequence  of  the  decomposition  t\ui 
sulphate  of  sesquioxide  of  iron  contained  in  it,  with  precipitation  of  a  basic 
sulphate.  The  sulphate  of  iron  has  a  great  tendency  to  absorb  oxygen, 
and  to  become  converted  into  the  sulphate  of  sesquioxide.  Thus,  the 
ordinary  crystals  when  exposed  to  air  gradually  become  brown,  and  are 
converted  into  a  mixture  of  the  neutral  and  basic  sulphates  of  the 
sesquioxide  of  iron — 

10(FeO.SO3)  +  0,  =  3(FeA.3S03)  +  2Yep,.S0,. 

This  disposition  to  absorb  oxygen  renders  the  sulphate  of  iron  useful  as  a 
reducing  agent ;  thus,  it  is  employed  for  precipitating  gold  in  the  metallic 
state  from  its  solutions.  But  its  chief  use  is  for  the  manufacture  of  ink 
and  black  dyes,  by  its  action  upon  vegetable  infusions  containing  tannic 
acid,  such  as  that  of  nut-galls.  This  application  AvUl  be  more  particularly 
noticed  hereafter. 

Sulphate  of  sesquioxide  of  iron,  or  persulphate  of  iron,  or  ferric  sulphate, 
is  found  in  Chile  as  a  white  silky  crystaUme  mineral,  coquimbite,  having 
the  composition,  Fe^Oj.  SSOg  +  9Aq. 

The  phosphates  of  protoxide  and  sesquioxide  of  iron  are  found  associated 
in  the  mineral  known  as  vivianite  or  native  Prussian  blue. 

221.  Sesquichloride,  or  percliloride  of  iron  or  ferric  chloride  (re,CL,), 
is  obtained  in  beautiful  dark  green  crystalline  scales  when  iron  wii-e  is 
heated  in  a  glass  tube  through  which  a  current  of  dry  chlorine  is  passed, 
the  sesquichloride  passing  off  in  vapour,  and  condensing  in  the  cool  part  of 
the  tube.  The  crystals  almost  instantly  become  wet  when  exposed  to  aii-, 
on  account  of  their  great  attraction  for  water.  The  perchloride  of  iron 
may  be  obtained  in  solution  by  dissolving  iron  in  hydrochloric  acid,  and  • 
converting  the  protochloride  of  iron  (FeCl)  thus  formed  into  perchloride  by 
the  action  of  nitric  and  hydrochloric  acids  (p.  167).  The  solution  of  per- 
chloride of  iron  has  been  recommended  in  some  cases  as  a  disinfectant, 
being  easily  reduced  to  protochloride,  and  thus  affording  chloruie  to 
unstable  organic  matters  in  contact  with  it  (p.  146).  A  solution  of  per- 
chloride of  iron  in  alcohol  is  used  in  medicine  under  the  name  of  tincture 
of  iron. 

222.  Equivalent  and  atomic  weights  of  iron. — When  iron  is  dissolved 
in  hydrochloric  acid,  28  parts  by  weight  of  iron  combine  with  1  eq. 
(35-5  parts)  of  chlorine,  displacing  1  part  of  hydrogen;  hence  28  is  the 
equivalent  weight  of  iron. 

The  specific  heat  of  iron  and  its  isomorphism  with  magnesium,  zinc,  and 
cadmium,  show  that  its  atomic  weight  must  be  represented  by  double  the 
equivalent,  or  56,  so  that  iron  is  a  diatomic  or  biequivalent  element. 

The  atomic  formidce  of  the  oxides  and  chlorides  of  iron  would  then  be 
written  thus  (Fe  -  56) — 


Ferrous  chloride,  ^^eCLj 
Ferric  chloride,  i^ejClg 


Ferrous  oxide,  PeO 
Ferric  oxide,  i^e^Oj 

The  molecular  formula  of  ferric  chloride  has  been  confij-med  by  the 
determination  of  the  specific  gravity  of  its  vapour,  which  has  been  found 
to  be  165  times  that  of  hydrogen.  If,  therefore,  one  volume  (or  one 
atom)  of  hydrogen  be  represented  as  having  a  weight  =  1,  tico  volumes 
(or  one  molecule)  of  ferric  cliloride  vapour  would  weigh  (165  x  2)  330, 
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a  number  nearly  agreeing  witli  the  sum  of  two  atoms  of  iron  (112)  and  six 
atoms  of  chlorine  (213'0). 

It  will  be  remarked  that  iron  possesses  a  different  atomicity  accordingly 
as  it  exists  in  ferrous  or  ferric  compounds.  Thus,  in  ferrous  oxide  (i^eO) 
and  ferrous  chloride  (FeCl,,),  it  occupies  the  place  of  two  atoms  of  hydrogen, 
and  is  diatomic ;  but  in  ferric  oxide  {¥e.p.^)  and  ferric  chloride  (Pe^Cle)  each 
atom  of  ii'on  occupies  the  place  of  three  atoms  of  hydrogen,  and  is  tri- 
atomic.  Some  chemists  designate  the  diatomic  iron  existing  in  ferrous 
compounds  by  the  name  ferrosum  {¥e"),  and  the  triatomic  iron  of  the 
ferric  compounds  by  ferricum  {¥&"'). 

MANGANESE. 

223.  Manganese  much  resembles  iron  in  several  particulars  relating  both 
to  its  physical  and  chemical  characters,  and  is  often  found  in  natiu'e,  asso- 
ciated, in  small  quantities,  with  the  compounds  of  that  metal  The  metal 
itself  has  not  been  applied  to  any  nseful  purpose. 

It  is  obtained  by  reducing  carbonate  of  manganese  (MnO .  COJ  with 
charcoal,  at  a  very  high  temperature,  when  a  fused  mass,  composed  of  man- 
ganese combiued  with  a  little  carbon  (corresponding  to  cast-iron),  is  ob- 
tained, which  is  freed  from  carbon  by  a  second  fusion  in  contact  with  car- 
bonate of  manganese. 

Metallic  manganese  is  darker  in  colour  than  (wrought)  iron,  and  very 
much  harder ;  it  is  brittle,  and  only  feebly  attracted  by  the  magnet.  It 
is  somewhat  more  easily  oxidised  than  iron. 

224.  Oxides  of  manganese. — Three  distinct  compounds  of  manganese 
with  oxygen  have  been  obtained  ia  the  separate  state,  and  two  others  are 
believed  to  exist  in  combination,  but  have  not  been  satisfactorily  made 

out  in  the  anhydrous  state —  .  (L 

Protoxide  of  manganese,  MnU    " .      V        >       '  5~« 

Sesquioxide       „  ■  Mn  A  ^'''"^C^^T^'TT^ 

Binoxide  or  peroxide  of  manganese,  MnO^  a^^^^  <7>*^-<?^ 
Manganic  acid  (?)  MnOs 
Permanganic  acid  (?)  Mn^O^  . 

The  Un6\cide  of  manganese  is  the  chief  form  in  which  this  metal  is  found 
ia  nature,  and  is  the  source  from  which  all  other  compounds  of  manganese 
are  obtained.  Its  chief  mineral  form  is  pyrolusite,  which  forms  steel-grey 
■prismatic  crystals  ;  but  it  is  also  found  amorphous,  as psilomela7ie,  and  m 
the  hydratcd  state  as  wad.  In  commerce  pyrolusite  is  loiown  as  black 
manganese,  or  simply  manganese,  and  is  largely  imported  from  Germany, 
Spain,  &c.,  for  the  use  of  the  manufacturer  of  bleacliing-powder,  the  glass- 
maker,  &c.  It  is  also  used  as  a  cheap  source  of  oxygen,  winch  it  evolves 
when  heated  to  redness,  leaving  the  red  oxide  of  manganese, 
The  binoxide  of  manganese  is  an  indifferent  oxide,  and  does  not  combine 
Avith  acids ;  when  heated  with  strong  sidphuric  acid,  it  loses  half  its 
oxygen,  and  forms  the  protoxide  of  manganese,  which  is  a  powerful  base, 
and  combines  with  the  sulphuric  acid  to  form  sulphate  of  manganese — 

MnO,    +    HO .  SO,    =    MnO .  SO3     +    HO     +     0  . 
Since  the  natural  binoxide  contains  peroxide  of  iron,  some  persulphate  of 
iron  is  formed  at  the  same  time  ;  but  if  the  mixture  be  dried  and  heated  to 
redness,  the  iron-salt  is  decomposed,  evolving  sulphuric  acid,  and  leaving 
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peroxide  of  iron ;  wliile  the  protoxide  of  manganese,  being  a  stronger  base, 
does  not  abandon  its  sulpbuiic  acid ;  and  the  sulphate  of  manganese  may 
be  dissolved  out  of  the  mass  by  treatment  with  water.  On  evaporating 
the  solution,  and  allowing  it  to  cool,  it  deposits  light  pink  crystals  of  sul- 
phate of  manganese,  MnO  .  SO3 .  HO  +  4Aq. 

This  salt  is  employed  by  the  dyer  and  calico-printer  in  the  production 
of  black  and  brown  colours.  When  a  solution  of  sulphate  of  manganese 
is  mixed  with  solution  of  chloride  of  lime  (p.  145),  it  gives  a  black  pre- 
cipitate of  hydrated  peroxide  of  manganese — 

2(MnO.S03)  +  CaO.  C10-i-2CaO  =  2Mn02  +  2(CaO.S03)  +  CaCl. 

By  decomposing  a  solution  of  sulphate  of  manganese  with  potash  or  soda, 
a  white  precipitate  of  hydrated  protoxide  of  manganese  is  obtained,  which 
becomes  brown  when  exposed  to  the  air,  absorbing  oxygen,  and  becoming 
converted  into  the  hydrated  sesquioxide  of  manganese. 

If  solution  of  sulphate  of  manganese  be  mixed  with  carbonate  of  soda, 
a  white  precipitate  of  carlonate  of  manganese,  2(MnO .  CO2) .  HO,  is 
obtained.  The  pink  crystallised  mineral  manganese  spar  consists  of 
carbonate  of  manganese  (MnO .  CO2). 

Protoxide  of  manganese  (MnO)  itself  is  obtained  as  a  green  powder 
by  heating  carbonate  of  manganese  in  a  tube  through  which  hydrogen  is 
passed  to  exclude  the  air,  which  would  convert  the  protoxide  into  red 
oxide  (MnjOJ.  The  protoxide  has  been  obtained  in  transparent  emerald- 
green  crystals. 

Sesquioxide  of  manganese,  crystalKsed  in  octahedra,  forms  the  mineral 
braunite,  and,  in  combmation  with  water,  the  prismatic  crystals  of  man- 
gardte  (Mn^O^ .  HO),  which  often  occurs  in  the  commercial  ores  of  man- 
ganese. The  sesquioxide  is  a  weak  base,  dissolving  in  acids  to  form  deep 
red  solutions,  which  evolve  oxygen  when  heated,  leaving  salts  of  the 
protoxide  of  manganese.  The  sulphate  of  sesquioxide  of  manganese 
combines  with  sulphate  of  potash  to  form  manganese-alum — 

KO .  SO3,  MugOg .  3SO3    +  24Aq. 

corresponding  in  crystalline  form,  as  in  composition,  to  alumina-alum. 
When  binoxide  of  manganese  in  minute  quantity  is  added  to  melted  glass, 
it  imparts  a  purple  colour,  which  is  probably  due  to  the  formation  of  a 
silicate  of  sesquioxide  of  manganese.  The  amethyst  is  believed  by  some  to 
owe  its  colour  to  the  same  cause. 

Red  oxide  of  manganese  (MugOJ  is  the  most  stable  of  the  oxides 
of  this  metal,  and  is  formed  when  either  of  the  others  is  heated  in  air. 
Thus  obtained,  it  has  a  brown  or  reddish  colom-;  but  it  is  found  in 
nature  as  the  black  mineral  hausmannite.  In  composition  it  resembles 
the  magnetic  oxide  of  iron,  but  it  seems  probable  tliat  its  true  formula  is 
2MnO .  MnOj,  for  when  treated  with  dinted  nitric  acid  it  leaves  the 
black  hydrated  binoxide. 

When  a  compound  containing  manganese,  in  however  small  a  quantity,  is  fused 
on  a  piece  of  platinum  foil  with  carbonate  of  soda  (fig.  112),  a  mass  of  manganate 
of  soda  (NaO .  MnO^)  is  formed,  which  is  green  while  hot,  and  becomes  blue  on 
cooling.  The  oxygen  required  to  convert  the  lower  oxides  of  manganese  into  man- 
ganic acid  has  been  absorbed  from  the  air. 


Manganic  acid  is  obtained  in  combination  with  potash,  by  mixing 
lely  powdered  binoxide  of  manganese  into  a  paste  with  an  equal  weight 
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of  hydrate  of  potash  dissolved  in  a  little  water,  drying  the  paste,  and 
heating  it  to  dull  redness  in  a  glass  tube,  thi-ough  wliich  oxygen  is  passed 
as  long  as  it  is  absorbed,  Wlien  the  mass  is  treated  with  a  little  cold 
water,  it  gives  a  dark  emerald-green  solution,  and  by  evaporating  this 
over  oil  of  vitriol,  in  vacuo,  dark-green  crystals  of  manganate  of  potash 
(KO .  MnOg)  are  formed,  which  have  the  same  crystalline  form  as 
those  of  sulphate  of  potash.  These  crystals  dissolve  unchanged  in  water 
containing  potash ;  but  when  dissolved  in  pure  water,  they  yield  a  red 
solution  of  permanganate  of  potash,  and  a  precipitate  of  binoxide  of 
manganese — 

3(K0 .  MnOg)  +  2H0  =  KO  .  Ma,0,  +  MnO,  +  2(K0 .  HO) . 

The  change  is  more  completely  effected  by  adding  a  little  free  acid,  even 
carbonic  acid.  The  changes  of  colour  thus  produced  have  acquired  for 
the  manganate  of  potdsh  the  name  chameleon  mineral.  The  solution  of 
manganate  of  potash  (containing  free  potash)  is  very  easUy  decomposed  by 
substances  having  an  attraction  for  oxygen.  Thus,  most  organic  sub- 
stances abstract  oxygen  from  it,  and  cause  the  separation  of  brown  sesqui- 
oxide  of  manganese ;  filtering  its  solution  through  paper  will  even  effect 
this  change.  The  offensive  emanations  from  putrefying  organic  matters 
are  at  once  oxidised  and  rendered  inodorous  by  manganate' of  potash  or 
soda. 

Manganate  of  soda  (NaO  .  MnO.)  obtained  by  heating  binoxide  of 
manganese  with  hydrate  of  soda,  under  free  exposure  to  air,  is  employed  in 
a  state  of  solution  in  water,  as  Oondy's  green  disinfectant  fluid. 

The  temporary  formation  of  manganic  acid  affords  a  probable  explana- 
tion of  the  effect  of  binoxide  of  manganese  in  facilitating  the  disengage- 
ment of  oxygen  from  chlorate  of  potash  (p.  14). 

Permanganic  acid  has  been  obtained  in  a  hydrated  crystalline  state  by 
decomposing  the  permanganate  of  baryta  with  sulphuric  acid,  and  evapo- 
rating the  solution  in  vacuo.  It  is  a  brown  substance,  easily  dissolving 
in  water  to  a  red  liquid,  which  is  decomposed  at  about  90°  F.,  evolving 
oxygen,  and  depositing  binoxide  of  manganese. 

Permanganate  of  potash  is  largely  used  in  many  chemical  operations. 
In  order  to  prepare  it,  4  parts  of  finely  powdered  binoxide  of  manganese 
are  intimately  mixed  with  3-L  parts  of  chlorate  of  potash,  and  5  parts  of 
hydrate  of  potash  dissolved  in  a  very  little  water.  The  pasty  mass  is 
dried,  and  heated  to  duU  redness  for  some  time  in  an  iron  tray  or  earthen 
crucible.  The  oxygen  derived  from  the  chlorate  of  potash  converts  the 
binoxide  of  manganese  into  manganic  acid,  which  combines  with  the 
potash  of  the  hydrate.  On  treating  the- cold  mass  with  water,  the  man- 
ganate of  potash  is  dissolved,  forming  a  dark-green  solution.  This  is 
diluted  with  water,  and  a  stream  of  carbonic  acid  gas  passed  through  it  as 
long  as  any  change  of  colour  is  observed  ;  the  carbonic  acid  combines  with 
the  excess  of  potash,  the  presence  of  which  conferred  stability  upon  the 
manganate,  which  is  then  decomposed  into  permanganate  of  potash  and 
binoxide  of  manganese.  The  latter  is  allowed  to  settle,  and  the  clear  red 
solution  poured  off  and  evaporated  to  a  small  bulk.  On  cooling,  it  de- 
posits prismatic  crystals  of  the  permanganate  of  potash  (KO  .  MugO,), 
which  are  red  by  transmitted  light,  but  reflect  a  dark-green  colour.  The 
carbonate  of  potash,  being  much  more  soluble  in  water,  is  left  in  the 
solution.  Permanganate  of  potash  is  remarkable  for  its  great  colouring 
power,  a  very  small  quantity  of  the  salt  producing  an  intense  purplish- 
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red  colour  in  a  largo  quantity  of  water.  Its  solution  in  water  is  very 
easily  decomposed  by  substances  having  an  attraction  for  oxygen,  such,  as 
sulphurous  acid  or  a  ferrous  salt,  the  permanganic  acid  being  reduced  to 
protoxide  of  manganese,  so  that  the  solution  becomes  colourless.  If  a  very 
small  piece  of  iron  wire  be  dissolved  in  diluted  sulphuric  acid,  the  solu- 
tion of  ferrous  sulphate  so  produced  wUl  decolorise  a  large  volume  of 
weak  solution  of  the  permanganate,  being  converted  into  ferric  sulphate — 

KO  .  Mnfi,  +  10(FeO  .  SO^)  +  8(H0  .  SO,)  = 
KO  .  80,  +  2(MnO  .  SO3)  +  5(Ee,0, .  380,)  +  8H0  . 

This  decomposition  forms  the  basis  of  a  valuable  method  for  determining 
the  proportion  of  iron  in  its  ores. 

Many  organic  substances  are  easily  oxidised  by  permanganate  of  potash, 
and  this  is  the  case  especially  with  the  offensive  emanations  from  putrescent 
organic  matter.  Hence  it  is  extensively  used,  under  the  name  of  Condijs 
red  disinfecting  fluid,  in  cases  where  a  solid  or  liquid  substance  is  to  be 
deodorised. 

225.  Chlorides  of  vianganese. — There  appear  to  be  three  compounds 
of  manganese  with  chlorine,  corresponding  to  three  of  the  oxides,  viz., 
MnCl,  MujClg,  and  MnClg ;  but  only  the  first  is  obtainable  in  the  pure 
state,  the  others  forming  solutions,  wliich  are  easUy  decomposed  "svith 
Evolution  of  clilorine. 

The  prolochloride  of  manganese  (MnCl)  is  obtained  in  large  quantity,  as  a  waste 
product  in  the  preparation  of  clilorine,  for  tJie  manufacture  of  bleaching-powder. 
Since  there  is  no  useful  application  for  it,  the  manufacturer  sometimes  reconverts 
it  into  the  black  oxide.  As  the  native  binoxide  always  contains  iron,  the  liquor 
obtained  by  treating  it  with  hydrochloric  acid  contains  sesquichloride  of  iron 
(FejClj)  mixed  with  chloride  of  manganese  (MnCl).  In  order  to  separate  the  iron, 
advantage  is  taken  of  the  circumstance  that  sesquioxides  are  weaker  bases  than  the 
protoxides,  so  that  if  a  small  proportion  of  lime  be  added  to  the  solution,  the  iron  may 
be  precipitated  as  sesquioxide,  without  decomposing  the  chloride  of  manganese — 

FejCla    +    3CaO    =    Te^O^    +    SCaCl . 

The  solution  of  chloride  of  manganese  is  then  mixed  with  chalk,  and  subjected  to 
the  action  of  steam  at  a  pressure  of  about  two  atmospheres.  Carbonate  of  manganese 
is  precipitated  (MnCl  +  CaO  .  CO^  =  CaCl  +  MnO  .  CO^),  and  when  this  is  dried 
and  heated  to  about  600°  in  a  current  of  moist  air,  the  carbonic  acid  is  expelled, 
and  a  large  proportion  of  the  oxide  of  manganese  is  converted  into  binoxide,  which 
may  be  employed  again  for  the  preparation  of  chlorine. 

By  dissolving  permanganate  of  potash  in  oil  of  vitriol,  and  adding  fragments  of 
fused  chloride  of  sodium,  a  remarkable  greenisli-yellow  gas  is  obtained,  which  gives 
purple  fumes  with  moist  air,  and  is  decomposed  by  water,  yielding  a  red  solution 
which  contains  hydrochloric  and  permanganic  acids.  It,  therefore,  must  contain 
manganese  and  chlorine,  and  is  sometimes  regarded  as  the  perchloride  (MnjClf) 
corresponding  to  permanganic  acid ;  but  it  is  more  probably  an  oxychloride  of  man- 
ganese [see  clilorochromic  acid). 

226.  Equivalent  and  atomic  'weights  of  manganese. — The  chloride  of 
manganese  has  been  found  to  contain  35-5  parts  (one  equivalent)  by 
weight  of  chlorine,  and  27*5  parts  of  manganese;  hence  the  equivalent  of 
manganese  is  represented  by  2  7  "5. 

The  specific  heat  of  manganese  and  its  isomorjDhism  with  iron  and  zinc, 
lead  to  the  conclusion  that  its  atomic  weight  is  55  (Mn),  so  that  it  is 
a  diatomic  metal.  The  atomic  forimda  of  protoxide  of  manganese  is 
M-uO  (6  =  16),  of  the  binoxide  MnOg,  of  protochloride  of  manganese 
MnClj. 

The  permanganates  are  isomorphous  with  the  perchloratcs ;  the  atomic 
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tbruiula  of  pcrcWorato  of  potiisli  is  KCIO4,  and,  taking  tlie  atomic 
weight  of  manganese  to  be  55,  tlio  atomic  formula  of  permanganate  of 
potash  Avoukl  be  KMuOj,  whereas  if  2  7  "5  were  taken  for  the  atomic 
weiglit  of  the  metal,  the  formula  of  this  salt  would  be  KMujO^,  and  its 
analogy  to  the  perchlorato  Avould  disappear. 

COBALT. 

227.  Some  of  the  compounds  of  cobalt  are  of  considerable  importance 
in  the  arts,  on  account  of  theu-  brilliant  and  permanent  colours.  It  is 
generally  found  in  combination  with  arsenic  and  sulphur,  forming  tin- 
white  cohult,  CoAs,  and  cobalt  glance,  CoAs,  CoSj,  but  its  ores  also  gene- 
rally contain  nickel,  copper,  iron,  manganese,  and  bismuth. 

The  metal  itself  is  obtained  by  strongly  heating  the  oxalate  of  cobalt 
(CoO .  CoOj)  in  a  covered  porcelain  crucible.  In  its  properties  it  closely 
resembles  iron,  but  is  said  to  surpass  it  in  tenacity. 

Two  oxides  of  cobalt  are  known — the  protoxide,  CoO,  which  is  decidedly 
basic,  and  the  sesquioxide,  Co^Og,  which  is  a  very  feeble  base.  The  protoxide 
of  cobalt,  like  those  of  iron  and  manganese,  tends  to  absorb  oxygen  fi-om 
the  air,  and  when  heated  in  air,  becomes  converted  into  CoO .  Co^O.^, 
corresponding  to  the  magnetic  oxide  of  iron.  The  commercial  oxide  of 
cobalt,  which  is  employed  for  painting  on  porcelain,  is  obtained  by  roast- 
ing the  ore,  in  order  to  expel  part  of  the  sulphur  and  arsenic,  dissolving 
it  in  hydrochloric  acid,  and  precipitating  the  sesquioxide  of  iron  by  the 
careful  addition  of  lime,  when  the  remaining  arsenic  is  also  precipi- 
tated as  arseniate  of  iron.  Hydrosulphuric  acid  is  passed  through  the 
acid  sohition  to  precipitate  the  bismuth  and  copper,  leaving  the  cobalt 
and  nickel  in  solution.  The  latter  having  been  boiled  to  expel  the  excess 
of  hydrosuljDhuric  acid,  is  neutralised  with  lime  and  mixed  wdth  solution 
of  chloride  of  lime  (CaO .  CIO  +  CaCl),  which  precipitates  the  sesqui- 
oxide of  cobalt  as  a  black  powder,  leaving  the  oxide  of  nickel  in  solution, 
from  which  it  may  be  precipitated  by  the  addition  of  Hme. 

The  salts  of  oxide  of  cobalt  have  a  fine  red  colour  in  the  hydrated  state,  or 
in  solution,  but  are  generally  blue  when  anhydrous.  The  silicate  of  cobalt 
associated  with  silicate  of  potash  forms  the  blue  colour  known  as  smalt, 
which  is  prepared  by  roasting  the  cobalt-ore,  so  as  to  convert  the  bidlc  of 
the  cobalt  into  oxide,  leavmg,  however,  a  considerable  quantity  of  arsenic 
and  sulphur  stUl  in  the  ore.  The  residue  is  then  fused  in  a  crucible  with 
ground  quartz  and  carbonate  of  potash,  when  a  blue  glass  is  formed  con- 
taining silicate  of  cobalt  and  silicate  of  potash,  whilst  the  iron,  nickel,  and 
copper,  combined  with  arsenic  and  sulphur,  collect  at  the  bottom  of  the 
crucible  and  foxm  a  fused  mass  of  metallic  appearance  Icnown  as  sjjeiss, 
which  is  employed  as  a  source  of  nickel.  The  blue  glass  is  poured  into 
cold  water,  so  that  it  may  be  more  easily  reduced  to  the  fine  powder  in 
which  the  smalt  is  sold.'  If  the  cobalt-ore  destined  for  smalt  be  over 
roasted,  so  as  to  convert  the  iron  into  oxide,  this  will  pass  into  the  sraalt 
as  a  silicate,  injuring  its  colour. 

Zaffre  is  prepared  by  roasting  a  mixtirre  of  cobalt-oro  with  two  or  three 
parts  of  sand. 

Tlimard's  blue  consists  of  phosi)hatc  of  cobalt  and  phosphate  of  alumina, 
and  is  prepared  l)y  mixing  precipitated  alumuia  with  phosphate  of  cobalt 
and  calcining  in  a  covered  ci'ucil)l(!.  Tlio  ]ihospl)ato  is  obtained  by  preci- 
pitating a  solution  of  nitrate  of  cobalt  with  phnsplmle  of  potash  or  soda. 
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Mimnan's  green  is  prepared  by  calcining  the  precipitate  produced  by 
carbonate  of  soda  in  a  mixtui'e  of  sulphate  of  cobalt  with  sulphate  of  zinc. 
It  is  a  compound  of  the  oxides  of  cobalt  and  zinc. 

Chloride  of  cobalt  (CoCl),  obtained  by  dissolving  oxide  of  cobalt  in 
hydrochloric  acid,  forms  red  hydrated  crystals,  which  become  blue  when 
their  water  is  expeUed.  If  strong  hydrochloric  acid  be  added  to  a  red 
solution  of  tliis  salt,  it  becomes  blue ;  if  enough  water  be  now  added  to 
render  it  pink,  the  blue  colour  may  be  produced  at  pleasure  by  boiling, 
the  solution  first  passing  through  a  neutral  tint.  Chloride  of  cobalt  is 
employed  as  a  sympathetic  ink,  for  characters  written  with  its  pink  solu- 
tion are  nearly  invisible  till  they  are  held  before  the  fire,  when  they 
become  blue,  and  resume  their  original  pink  colour  if  exposed  to  the  air ; 
a  Httle  chloride  of  iron  causes  a  green  colour. 

The  sulphide  of  cohalt  (CoS)  is  obtained  as  a  black  precipitate  when 
an  alkaline  sulphide  is  added  to  a  solution  of  a  salt  of  cobalt.  A  sesqui- 
sulphide  (Co^Sj)  is  found  in  grey  octahedra,  cohalt  pyrites.  The  hisul- 
'phide  (CoSj)  has  been  obtained  artificially. 

When  ammonia  in  excess  is  added  to  a  solution  of  a  salt  of  cobalt,  a 
deep  red  liquid  is  produced,  which  rapidly  absorbs  oxygen  feom  the  air, 
especially  if  hydrochlorate  of  ammonia  be  present,  giving  rise  to  the  pro- 
duction of  some  remarkable  and  complex  bases  which  contain  the  elements 
of  ammonia  and  of  different  oxides  of  cobalt, 

mCKEL. 

228.  Nickel  owes  its  value  in  the  useful  arts  chiefly  to  its  property  of 
imparting  a  white  colour  to  the  alloys  of  copper  and  zinc,  with  which  it 
forms  the  aUoy  known  as  German  silver.  Nickel  is  very  nearly  aUied 
to  cobalt,  and  generally  occurs  associated  with  that  metal  in  its  ores. 
One  of  the  principal  ores  of  nickel  is  the  KupfernicTcel  or  copper-nickel, 
so  called  by  the  German  miners  because  they  frequently  mistook  it  for  an 
ore  of  copper;  it  has  a  reddish  metallic  appearance,  and  the  formula 
NijAs.  Orey  nickel  ore  or  nickel  glance  is  an  arseniosulphide  of  nickel, 
NiAs,  NiSj.  Arsenical  nickel,  NiAs,  corresponds  to  tin-white  cobalt. 
The  metal  is  commonly  extracted  from  the  speiss  separated  during  the 
preparation  of  smalt  from  cobalt-ores  (p.  329) ;  the  oxide  of  nickel  pre- 
pared by  the  method  described  above,  when  strongly  heated  in  contact 
with  charcoal,  yields  metallic  nickel  containing  carbon. 

The  pure  metal  is  obtained  by  igniting  the  oxalate,  as  in  the  case  of 
cobalt,  which  it  much  resembles  in  properties. 

The  oxides  of  nickel  correspond  in  composition  to  those  of  cobalt.  The 
salts  formed  by  the  oxide  of  nickel  (MO)  are  usually  green,  and  give 
bright  green  solutions.  The  hydrated  oxide  has  a  characteristic  apple- 
green  colour,  and  does  not  absorb  oxygen  from  the  air  like  the  hydrated 
oxide  of  cobalt.  The  greater  facility  with  which  the  latter  is  converted 
into  sesquioxide  has  been  applied  (as  above  described)  to  efi"ect  the  separa- 
tion of  the  two  metals.  Oxide  of  nickel  has  been  found  native  in  octa- 
hedral crystals,  which  have  also  been  obtained  accidentally  in  a  copper- 
smelting  furnace. 

Sulijhate  of  nickel  (MO  .  SO3.  HO  +  6Aq.)  forms  fine  green  prismatic 
crystals,  the  water  of  constitution  in  which  may  be  displaced  by  sulphate 
of  potash,  forming  the  douUe  sulpJiate  of  nickel  and  potash — 

(MO  .  SO, ,  KO  .  SO3    +  6Aq.) 
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which  crystallises  so  readily  that  it  was  at  one  time  the  form  in  which 
nickel  was  separated  from  the  other  metals  present  in  its  ores. 

Three  sulphides  of  nickel  are  known — a  suhsulpldde,  NigS  ;  a  proto- 
sulpliide,  NiS,  found  native  as  capillary  pyrites,  and  obtained  as  a  black 
precipitate  by  the  action  of  an  alkaline  sulpMde  upon  a  salt  of  nickel ;  and 
a  bisulphide,  NiS^. 

CHROMIUM. 

229.  This  metal  derives  its  name  from  xpS/xa,  colour,  in  allusion  to  the 
varied  colours  of  its  compounds,  upon  which  theii-  uses  in  the  arts  chiefly 
depend.  It  is  comparatively  seldom  met  with,  its  principal  ore  being  the 
chrome-iron  ore  (FeO  .  Gvfi.^),  Avhich  is  remarkable  for  its  resistance  to  the 
action  of  acids  and  other  chemical  agents.  It  is  chiefly  found  in  Sweden, 
Eussia,  and  the  United  States,  and  is  imported  for  the  manufacture  of 
bichromate  of  potash  (KO .  2Cr03),  which  is  one  of  the  chief  commercial 
compounds  of  chromiimi.  The  ore  is  first  heated  to  redness  and  thrown 
into  water,  in  order  that  it  may  be  easily  ground  to  a  fine  powder,  which 
is  mixed  with  carbonate  of  potash,  chalk  being  added  to  prevent  the  fusion 
of  the  mass,  and  strongly  heated  in  a  current  of  air  on  the  hearth  of  a 
reverberatory  furnace,  the  mass  being  occasionally  stirred  to  expose  a 
fresh  sm-face  to  the  air.  The  oxide  of  iron  is  thus  converted  into  sesqui- 
oxide,  and  the  sesquioxide  of  chromium  (Cr^Og)  also  absorbs  oxygen  from 
the  air,  becoming  chromic  acid  (CrOJ,  which  combines  with  the  potash 
to  form,  chromate  of  potash  (KO  .  CrOj).  Nitre  is  sometimes  added  to 
hasten  the  oxidation.  On  treating  the  mass  with  water,  a  yellow  solu- 
tion of  chromate  of  potash  is  obtained,  which  is  di-awn  off  from  the 
insoluble  residue  of  sesquioxide  of  iron  and  lime,  and  mixed  with  a 
slight  excess  of  nitric  acid — 

2(KO.Cr03)  +  HO.  NO,  -  IC0.2Cr03  +  KO .  NO,  +  HO. 

Chromate  of  Bichromate  of 

potash.  Ijotash. 

The  solution,  when  evaporated,  deposits  beautiful  red  tabular  crj^stals  of 
bichromate  of  potash,  which  dissolve  in  10  parts  of  cold  water,  forming 
an  acid  solution.  It  is  from  this  salt  that  the  other  compounds  of 
chromium  are  immediately  derived. 

Metallic  chromium  has  received  no  useful  application.  It  has  been 
obtained  in  octahedral  crystals  by  the  action  of  sodium  on  sesquichloride 
of  chromium,  and  in  a  pulverulent  state  by  the  action  of  potassium.  In 
the  latter  condition  it  is  easily  acted  on  by  acids,  but  the  crystallised 
chromium  is  insoluble  even  in  nitro-hydrochloric  acid.  Like  aluminum, 
it  is  more  easily  attacked  by  hydrated  alkalies  at  a  high  temperatiu-e, 
evolving  hydrogen  and  producing  chromates.    It  is  remarkably  infusible. 

230.  Oxides  of  chromium. — Two  oxides  of  chromium  are  known  in 
the  separate  state — the  sesquioxide,  Cr^O^,  and  chromic  acid,  Cr03.  Pro- 
toxide of  chromium  (CrO)  is  Imown  in  the  hydrated  state,  and  perchromic 
acid  (CrjOj)  is  believed  to  exist  in  solution. 

Chromic  acid,  the  most  important  of  these,  is  obtained  by  adding  to 
one  measure  of  a  solution  of  bichromate  of  potash,  saturated  at  130°  F. 
one  measure  and  a-half  of  concentrated  sulpliuric  acid,  by  small  portions 
at  a  time,  and  allowing  the  solution  to  cool,  when  chromic  acid  crystallises 
out  in  fine  crimson  needles,  which  are  deliquescent,  very  soluble  in  water 
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and  decomposed  by  a  moderate  lieat  into  oxygen  and  sestiuioxide  ol' 
chromium.  Cliromic  acid  is  a  powerful  oxidising  agent;  most  organic 
substances,  even  paper,  will  reduce  it  to  the  green  sesquioxide  of  chromium. 
A  mixture  of  bichromate  of  potash  and  sulphuric  acid  is  employed  for 
bleaching  some  oUs,  the  colouring  matter  being  oxidised  at  the  expense  of 
the  chromic  acid,  and  sulphate  of  sesquioxide  of  cliromium  produced — 
KO .  2Cr03  +  4(H0 .  SO3)  -  KO .  SO3  +  Cr,03.  3SO3  +  O3  +  4H0  . 
The  bichromate  itself  evolves  oxygen  when  heated  to  bright  redness,  being 
•first  fused,  and  afterwards  decomposed — 

2(K0.2Cr03)  -  2(K0 .  Cr03)  +  Cvfi,  +  0, . 

Neutral  chromate  of  potash  (KO  .  GyO.^  is  formed  by  adding  carbonate 
of  potash  to  the  red  solution  of  bichromate  of  potash  imtU  its  red  colour 
is  changed  to  a  fine  yellow,  when  it  is  evaporated  and  allowed  to 
crystallise.  It  forms  yellow  prismatic  crystals  having  the  same  form  as 
those  of  sulphate  of  potash,  and  is  far  more  soluble  in  water  than  the 
bichromate,  yielding  an  alkaline  solution.  It  becomes  red  Avhen  heated, 
and  fuses  without  decomposition. 

Tercliromate  of  potash  (KO .  SCrOg)  has  been  obtained  in  red  crystals 
by  adding  nitric  acid  to  the  bichromate. 

Chrome-yeUoto  is  the  chromate  of  lead  (PbO .  Cr03),  prepared  by  mix- 
ing dilute  solutions  of  acetate  of  lead  and  cliromate  of  potasli.  It  is 
largely  used  in  painting  and  calico-printing,  and  by  the  chemist  as  a 
source  of  oxygen  for  the  analysis  of  organic  substances,  since,  when  heated, 
it  fuses  to  a  brown  mass,  which  evolves  oxygen  at  a  red  heat.  Chrome- 
yellow  being  a  poisonous  salt,  its  occasional  use  for  coloiuing  confectionery 
is  very  objectionable.  Cliromate  of  lead  in  prismatic  crystals  forms  the 
rather  rare  red  lead  ore  of  Siberia,  in  which  chromium  was  first  discovered. 

Orange  chrome  is  a  basic  chromate  of  lead  (2PbO .  CrOj),  and  may  be 
obtained  by  boihng  the  yellow  chromate  with  Hme — 

2(PbO.Cr03)  +  CaO  =  2PbO .  CrOg  -t-  CaO.CrO^. 

The  calico-printer  dyes  the  stuff  with  yellow  chromate  of  lead,  and  con- 
verts it  into  orange  chromate  by  a  bath  of  lime-water. 

The  colour  of  the  ruby  (crystallised  alumina)  appears  to  be  due  to  the 
presence  of  a  small  proportion  of  cliromic  acid. 

Sesquioxide  of  chromium  {Gi^O.^  is  valuable  as  a  green  colour,  especially 
for  glass  and  porcelain,  since  it  is  not  decomposed  by  heat.  It  is  prepared 
by  heating  bichromate  of  potash  with  one-fourth  of  its  weight  of  starch, 
the  carbon  of  which  deprives  the  chromic  acid  of  half  its  oxygen,  leaving 
a  mixture  of  sesquioxide  of  chromium  with  carbonate  of  potash,  wliicli  may 
be  removed  by  washing  with  water.  If  sulphur  be  substituted  for 
the  starch,  sulphate  of  potash  will  be  formed,  which  may  also  be 
removed  by  water.  When  the  sesquioxide  of  chi'omiuni  is  strongly 
heated,  it  exhibits  a  sudden  glow,  becomes  darker  in  colour,  and  in- 
soluble in  acids  which  previously  dissolved  it  easily;  in  tliis  respect 
it  resembles  alumina  and  sesquioxide  of  iron.  Like  these  oxides,  the 
sesquioxide  of  chromium  is  a  feeble  base ;  it  is  remarkable  for  forming 
two  classes  of  salts  containing  the  same  proportions  of  acid  and  base,  but 
differing  in  the  colour  of  their  solutions,  and  in  some  other  properties.^ 
Thus,  there  are  two  modifications  of  the  sulphate  of  sesquioxide  of 
chromium—ih.Q  green  sulphate,  Ci-jOj .  3S0,  +  5Aq.,  and  tlie  violet  sul- 
phate, Crp,.  3SO3  -I-  15Aq.    Tlic  solution  of  the  latter  becomes  green 
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when  boiled,  being  converted  into  the  former.  Chrome-alum  forms  dark 
purple  octahodra  (KO  .  SO3  ,  Cr^, .  3SO3  +  24 Aq.)  which  contain  the 
vi(3let  modification  of  the  sulphate;  and  if  its  solution  in  water  be  boiled, 
its  purple  colour  changes  to  green,  and  the  solution  refuses  to  crystaUise.* 
The  anhydrous  sulphate  of  chromium  forms  red  crystals,  which  are  in- 
soluble in  water  and  acids.  A  green  basic  borate  of  sesquioxide  of  chromium 
is  used  in  painting  and  calico-prmtmg,  under  the  name  of  vert  de  Guignet, 
and  is  prepared  by  strongly  heating  bichromate  of  potash  with  3  parts  of 
crystallised  boracic  acid,  when  borate  of  potash  and  borate  of  chromium 
are  formed,  half  the  oxygen  of  the  cln-omic  acid  being  expelled.  The  borate 
of  potash  and  the  excess  of  boracic  acid  are  afterwards  washed  out  by 
water.  By  reducing  an  alkaline  chromate  with  hyposulphite  of  soda,  the 
compoimd  Cr^Oj .  CrO^  has  been  obtained  as  a  brown  precipitate. 

Protoxide  of  chromium  (CrO)  is  not  known  in  the  pure  state,  but  is 
precipitated  as  a  brown  hydrate  when  protochloride  of  chromium  is  de- 
composed by  potash.  It  absorbs  oxygen  even  more  readily  than  protoxide 
of  iron,  becoming  converted  into  a  hydrated  proto-sesquioxide  of  chromium 
(CrO  .  Cr203),  corresponding  in  composition  to  the  magnetic  oxide  of  iron. 
The  protoxide  of  chromium  is  a  feeble  base ;  a  double  sulphate  of  protoxide 
of  chromium  and  potash  (CrO  .  SO3 ,  KO  .  SO3  -1-  6Aq.)  is  known,  which 
has  the  same  crystalline  form  as  the  corresponding  iron  salt — 

(FeO .  SO3 ,  KO  .  SO3  +  6Aq.) 

it  has  a  blue  colour,  and  gives  a  blue  solution,  which  becomes  green  when 
exposed  to  air,  from  the  formation  of  sesquioxide  of  chromium. 

Perchromic  acid  (CrgOy  1)  is  believed  to  exist  in  the  blue  solution 
obtained  by  the  action  of  binoxide  of  hydrogen  upon  solution  of  chromic 
acid,  but  neither  the  acid  nor  its  salts  have  been  obtained  in  a  separate 
state. 

231.  Chlorides  of  chromium. — The  sesquichloride  of  chromium  (CrjClg),  obtained  by 
passing  dry  chlorine  over  a  mixture  of  sesquioxide  of  chromium  with  charcoal, 
lieated  to  redness  in  a  glass  tube,  is  converted  into  vapour,  and  condenses  upon 
the  cooler  part  of  the  tube  in  shining  leaflets,  having  a  fine  violet  colour.  Cold 
water  does  not  affect  them,  but  boiling  water  slowly  dissolves  them  to  a  green  solii- 
tion  resembling  that  obtained  by  dissolving  sesquioxide  of  chromium  in  hydrochloric 
acid. 

Protochloride  of  chromium  (CrCl)  results  from  the  action  of  hydrogen,  at  a  red  lieat, 
upon  the  sesquicliloride.  Strange  to  say,  it  is  white,  and  dissolves  in  water  to  form 
a  blue  solution  which  absorbs  oxygen  from  the  air,  becoming  green.  It  is  remark- 
able that  if  the  violet  sesquichloride  of  chromium  is  suspended  in  water,  and  a 
minute  quantity  of  the  protochloride  added,  the  sesquichloride  immediately  dis- 
solves to  a  green  solution,  evolving  heat. 

Chlorochmmic  acid  {GrO^QV)  is  a  very  remarkable  brown-red  liquid,  obtained  by 
distilling  10  parts  of  common  salt  and  17  of  bichromate  of  potash,  previously  fused 
together  and  broken  into  fragments,  with  40  parts  of  oil  of  vitriol— 

KO  .  2CrO.,  +  2NaCl  -f  3(H0 .  SO3)  =  KO  .  SO3  -t-  2(NaO  .  SO3)  -t-  3110  +  2GxO^G\. 
It  much  resembles  bromine  in  appearance,  and  fumes  very  strongly  in  air,  the  mois- 
ture of  which  decomposoa  its  rod  vapour,  forming  cliromic  and  hydrocliloric  acids; 
GrC^Cl  +  110  —  CrO.,  4-  HCl.  It  is  a  very  powerful  oxidising  and  chlorinating 
agent,  and  inflames  ammonia  and  alcohol  when  brought  in  contact  with  them. 

It  is  occasionally  used  to  illustrate  the  nature  of  illuminating  flames  ;  for  if 
hydrogen  bo  passed  through  a  bottle  containing  a  few  drops  of  chlorochromic  acid, 
tho  gas  becomes  charged  with  its  vapour,  anil,  if  kindled,  burns  with  a  brilliant 
white  tiamo,  which  deposits  a  beautiful  green  film  of  sesquioxide  of  chromium  upon 


*  Exposure  to  cold,  it  i.s  siiid,  again  converts  it  into  tho  cryst.allisablo  violet  fori 
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a  cold  surface.  Tlic  name  oxychloride  of  chromium,  applied  to  tliis  compound,  is  more 
correct  than  chlorochromic  acid,  for  it  ia  not  known  to  form  salts. 

Terfluoride  of  chromium  (CrF,)  is  another  volatile  compound  of  chromium,  obtained 
by  distilling  chromate  of  lead  with  iiuor  spar  and  sulphuric  acid ;  it  is  a  red  gas,  con- 
densible  to  a  red  liquid  at  a  low  temperature.  Water  decomposes  it,  yielding  cliromic 
and  hydroiluoric  acids. 

Sesquisulphide  of  chromium  (CrgSg)  is  formed  when  vapour  of  bisulphide  of  carbon 
is  passed  over  sesquioxide  of  chromium  heated  to  redness.  It  forms  black  lustrous 
scales  resembling  graphite. 

232.  Equivalent  and  atomic  weights  of  chromium. — The  analysis  of  the 
chromate  of  silver  has  proved  it  to  contain  26-3  parts  by  weight  of 
cliromium  for  108  parts  (1  eq.)  of  silver.  The  isomorphism  (identity  of 
crystaUine  form)  existing  between  the  chromates  and  the  sulphates,  leads 
to  the  belief  that  they  correspond  in  composition,  so  that  the  chromate 
of  silver  would  be  represented  by  the  formrda  AgO .  CrOg,  and  since 
Ag=  108,  Cr,  or  the  equivalent  of  chromium,  is  26-3. 

The  close  analogy  between  chromium  and  iron  renders  it  necessary  to 
double  the  equivalent  number  of  chromium  in  order  to  obtain  its  atomic 
weight,  so  that  the  atom  of  chromium  would  be  6r  =  52'6,  the  metal  being 
diatomic;  and  the  atomic  formula  of  chromic  oxide  would  be  OrjOj,  of 
chromic  acid  OrOg,  of  chromous  chloride  ©rCla,  and  of  chromic  chloride 

er,ci,. 

The  molecidar  formula  of  chlorochromic  acid  would  be  ^iCX^^,  repre- 
senting 155 "6  parts  by  weight.  Now,  the  specific  gravity  (or  weight 
of  1  volume)  of  the  vapour  of  chlorochromic  acid  is  5-52,  or  80  times 
that  of  hydrogen;  if  1  atom  (or  1  vol.)  of  hydi'ogen  be  taken  to  weigh  1, 
one  molecule  (or  2  vols.)  of  chlorochromic  acid  should  weigh  160,  which  is 
sufficiently  near  to  the  weight  (155  "6)  represented  by  the  above  formula, 
allowing  for  unavoidable  experimental  errors. 

233.  General  review  of  zinc,  iron,  Qobalt,  nickel,  manganese,  and  chro- 
mium.— Many  points  of  resemblance  wiU.  have  been  noticed  in  the  chemical 
history  of  these  metals  to  justify  their  being  classed  ia  the  same  group. 
They  are  aU  capable  of  decomposing  water  at  a  red  heat,  and  easily  dis- 
place hydrogen  from  hydrochloric  acid.  Each  of  them  forms  a  base  by 
combining  with  one  equivalent  of  oxygen,  and  these  oxides  produce  salts 
Avhich  have  the  same  crystalline  form.  All  these  oxides,  except  those  of 
zinc  and  nickel,  easily  absorb  oxygen  from  the  air,  and  are  converted  into 
sesquioxides.  Zinc  does  not  form  a  sesquioxide,  and  the  sesquioxide  of 
nickel  is  an  indifferent  oxide,  while  that  of  cobalt  is  very  feebly  basic  ; 
the  sesquioxide  of  manganese  is  a  stronger  base,  and  the  basic  properties 
of  the  sesquioxides  of  chromium  and  iron  are  very  decided.  Zinc  and 
nickel  do  not  exhibit  any  tendency  to  form  a  well-marked  acid  oxide, 
but  the  existence  of  an  acid  oxide  of  cobalt  is  suspected ;  and  iron,  man- 
ganese, and  chromium  form  undoubted  acids  with  three  equivalents  of 
oxygen.  Zinc  and  nickel  are  only  known  to  form  one  compound  with  a 
single  equivalent  of  chlorine ;  cobalt  and  manganese  form,  in  addition  to 
their  protochlorides,  veiy  unstable  sesquichlorides  kno\ra  only  in  solution, 
but  iron  and  chromium  form  very  stable  volatile  sesquichlorides.  The 
metals  composing  this  group  are  all  bi-equivalent  or  diatomic,  and  are 
found  associated  in  natural  minerals ;  this  is  especially  the  case  with  iron, 
manganese,  cobalt,  and  nickel.  'J'hey  arc  ixll  attracted'by  the  magnet,  with 
tlie  exception  of  zinc,  and,  with  the  same  exception,  require  a  very  high 
temperature  for  their  fusion.    Through  zinc,  the  metals  of  this  group  are 
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connected  with  magnesium,  which  resembles  it  in  volatility,  in  combusti- 
bility, and  in  the  crystalline  form  of  its  salts.  Iron  and  chromium  con- 
nect this  group  with  aluminum,  their  sesquioxides  being  isomorphous  witli 
alumina,  and  their  sesquichlorides  volatile  like  that  of  aluminum. 


COPPER 

234.  Metallic  copper  is  met  with  in  nature  more  abundantly  than 
metallic  iron,  though  the  compounds  of  the  latter  metal  are  of  more  fre- 
quent occurrence  than  those  of  the  former.  A  very  important  vein  of 
metallic  copper,  of  excellent  quality,  occurs  near  Lake  Superior  in  North 
America,  from  which  6000  tons  were  extracted  in  1858.  Metallic  copper 
is  also  sometimes  found  in  Cornwall  j  and  cop_per  sand,  containing  metallic 
copper  and  quartz,  is  imported  from  Chile.  « 

235.  Ores  of  copper. — The  most  important  English  ore  of  copper  is 
copper  pyntes,  which  is  a  double  sulphide,  containing  copper,  iron,  and 
sulphur  in  the  proportions  indicated  by  the  formula  CuFeS2.  It  may  be 
known  by  its  beautiful  brass  yellow  colour  and  metallic  lustre.  Copper 
pyrites  is  found  in  Cornwall  and  Devonshire,  and  is  generally  associated 
with  arsenical  pyrites  (FeS2.  EeAs),  tinstone  (SnOg),  quartz,  fluor-spar,  and 
clay.  A  very  attractive  variety  of  copper  pyrites  is  called  variegated 
copper  ore  or  peacock  copper,  in  allusion  to  its  rainbow  colours ;  its  simplest 
formula  is  CUgEeS^.    This  variety  is  found  in  Cornwall  and  Killarney. 

Copper  glance  (CuaS)  is  another  Cornish  ore  of  copper,  of  a  dark  grey 
colour  and  feeble  metallic  lustre. 

GrcTj  copper  ore,  also  abundant  in  Cornwall,  is  essentially  a  compound 
of  the  sulphides  of  copper  and  iron  with  those  of  antimony  and  arsenic, 
but  it  often  contains  silver,  lead,  zinc,  and  sometimes  mercury. 

Malachite,  a  basic  carbonate  of  copper,  is  imported  from  Australia 
(Burra  Burra),  and  is  also  found  abundantly  in  Siberia.  Green  malachite, 
the  most  beautifully  veined  ornamental  variety,  has  the  composition 
CuO .  CO,,  CuO  .  HO,  and  blue  malachite  is  2(CuO .  COg) .  CuO .  HO. 

Red  copper  ore  (CugO)  is  found  in  West  Cornwall,  and  the  black  oxide 
(CuO)  is  abundant  in  the  north  of  Chile. 

236.  The  seat  of  English  copper-smelting  is  at  Swansea,  which  is 
situated  in  convenient  proximity  to  the  anthracite  coal  employed  iii  the 
furnaces.  The  chemical  process  by  which  copper  is  extracted  from  the 
ore  includes  three  distinct  operations  : — (1),  the  roasting,  to  expel  the 
arsenic  and  part  of  the  sulphur,  and  to  convert  the  sulphide  of  iron  into 
oxide  of  iron  ;  (2),  the  fusion  luith  silica,  to  remove  the  oxide  of  iron  as 
silicate,  and  to  obtain  the  copper  in  combination  with  sulphur  only ;  and 
(3),  the  roasting  of  this  combination  of  copper  with  sulphur,  ia  order  to 
expel  the  latter  and  obtain  metallic  copper. 

The  details  of  the  smelting  process  ajjpear  somewhat  complicated, 
because  it  is  divided  into  several  stages  to  allow  of  the  introduction  of 
the  different  varieties  of  ore  to  be  treated.  Thus,  the  first  roasting  pro- 
cess is  unnecessary  for  the  oxides  and  carbonates  of  copper,  and  the  fusion 
with  silica  is  not  needed  for  those  ores  which  are  free  from  iron,  so  that 
they  may  be  introduced  at  a  later  stage  in  the  operations. 

(1 .)  Galcimvg  or  masting  the  ore,  to  expel  arsenic  and  part  of  the  sidphur. 
— The  ores  having  been  sorted,  and  broken  into  small  pieces,  are  mixed 
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SO  as  to  contain  from  8  to  10  per  cent,  of  copper,  and  roasted,  in  quauti 
ties  of  about  three  tons,  for  at  least  twelve  houi'S,  on  the  spacious  hearth 


Fig.  238. 

(H  iitr  239)  of  a  reverberatory  furnace  (fig.  238),  at  a  temperature  insufficient 
for'fusion,  being  occasionally  stirred  to  expose  them  freely  to  the  action  ot 

the  air,  which  is  admitted  into  the  fur- 
nace through  an  opening  (0)  in  the  side  of 
the  hearth  upon  which  the  ore  is  spread. 
The  oxygen  of  the  air  converts  a  part  of 
the  sulphur  into  sulphurous  acid  gas, 
and  the  bulk  of  the  arsenic  into  arsenious 
acid,  which  passes  off  in  the  form  of 
vapour.  A  part  of  the  sulpiride  of  iron 
is  converted  into  sulphate  of  iron  by 
absorbing  oxygen  at  an  early  stage  of  the 
process,  and  this  sulphate  is  afterwards 
Fig.  239.  decomposed  at   a  higher  temperature, 

evolvincr  sulphiuous  and  sulphuric  acids,  and  leavhig  oxide  of  ir-on  (sec 
n  322)°  A  portion  of  the  sulphide  of  copper  is  also  converted  mto 
oxide  of  copper  during  the  roasting,  so  that  the  roasted  ore  consists  essen- 
tially of  a  mixture  of  oxide  and  sulphide  of  copper  with  oxide  and 
sulphide  of  ii-on.  Since  the  sulphide  of  iron  is  more  easily  oxidised  than 
sulphide  of  copper,  the  greater  part  of  the  latter  remains  unaltered  m  the 

roasted  ore.  ,  .,    ~  n  4.t,„ 

During  the  roasting  of  copper  ore  dense  white  fumes  escape  from  the 
furnaces  THs  copper-smoke,  as  it  is  termed,  contains  arsenious,  sulphur- 
ous, sulphuric,  and  hydrofluoric  acids,  the  latter  bemg  derived  from  the 
fluor  spar  associated  with  the  ore;  if  allowed  to  escape,  these  fumes 
seriously  contaminate  the  air  in  the  neighbom-hood,  and  copper-smelters 
are  endeavouring  to  apply  some  method  of  condensmg,  and  perhaps  turn- 
ing them  to  profitable  account. 

(2  )  Fudon  for  coarse  metal,  to  remove  the  oxide  of  iron  by  dissolving 
it  \olth  s'iUcdc  acid  at  a  Jm/h  temperature.— The  roasted  ore  is  now 
mixed  with  metal-slaq  bom  process  4,  and  with  ores  contammg  sihcic  acid 
and  oxides  of  copper,  but  no  sulphm-;  the  mixture  is  introduced  mto 
the  ore-furnace  (fig.  240),  and  fused  for  five  hours  at  a  higher  tempera- 
ture than  that  employed  in  the  previous  operation.  _  In  this  process  ttuor 
spar  is  sometimes  added  in  order  to  increase  the  fluidity  of  the  slag.  _ 
.  The  oxide  of  copper  acts  upon  the  sulphide  of  iron  still  contamed  in 
the  roasted  ore,  with  formation  of  sulphide  of  copper  and  oxide  ot  iron ; 
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but  since  there  is  more  sulphide  of  iron  present  than  the  oxide  of  copi^er 
fian  decompose,  tlie  excess  of  sulphide  of  iron  combines  with  the 
sulpiride  of  copper  to  form  a 
fusible  compound,  whicli  sepa- 
rates from  the  slag,  and  col- 
lects in  the  form  of  a  matt  or 
regulus  of  coarse  metal,  in  a 
cavity  (C)  on  the  hearth  of  the 
furnace ;  it  is  run  out  into  a 
tank  of  water  (T)  in  order  to 
granulate  it,  so  that  it  may  be 
better  fitted  to  undergo  the  next 
operation. 

The  oxide  of  iron  combines 
■\vith  the  siUcic  acid  contained 
in  the  charge  to  form  a  fusible 
silicate  of  ii'on  {ore-furnace 
slag),  which  is  raked  out  into 
moulds  of  sand,  and  cast  into 
blocks  used  for  rough  building 
purposes  in  the  neighbourhood. 

The  composition  of  the  coarse 
metal  corresponds  pretty  closely 
with  the  formula  CuFeS^.  It 
contains  from  33  to  35  per  cent,  of  copper ;  whilst  the  original  ore,  before 
roasting,  is  usually  sorted  so  that  it  may  contain  about  8-5  per  cent. 

The  ore-furnace  slag  is  approximately  represented  by  the  formula 
FeO .  SiO,^ ;  but  it  contains  a  minute  proportion  of  copper,  as  is  shown  by 
the  green  efflorescence  on  the  walls  in  which  it  is  used  around  Swansea. 
Fragments  of  quartz  are  seen  disseminated  through  tliis  slag. 

(3.)  Calcination  of  the  coarse  metal,  to  convert  the  greater  pOrt  of  the 
sulphide  of  iron  into  oxide. — The  granulated  coarse  metal  is  roasted  at  a 
moderate  heat  for  twenty-four  hours,  as  in  the  first  operation,  so  that  the 
oxygen  of  the  air  may  decompose  the  sulphide  of  iron,  removing  the  sul- 
phur as  sulphurous  acid  gas,  and  leaving  the  iron  in  the  form  of  oxide. 

(4.)  Fusion  for  tchite  metal,  to  remove  the  ivhole  of  the  iron  as  silicate. 
-The  roasted  coarse  metal  is  mixed  with  roaster  and  refinery  slags  from 
processes  5  and  6,  and  with  ores  containing  carbonates  and  oxides  of 
copper,  and  fused  for  six  hours,  as  in  the  second  operation.  Any  sulphide 
of  iron  which  was  left  unchanged  in  the  roasting  is  now  converted  into 
oxide  of  iron  by  the  oxide  of  copper,  the  latter  metal  taking  the  sulphur. 
The  whole  of  the  oxide  of  iron  combines  with  the  sihcic  acid  to  form  a 
fusible  slag,  the  composition  of  which  is  approximately  represented  by  the 
formula  3FeO .  2SiO,. 

The  matt  or  regulas  of  white  metal  which  collects  beneath  the  slag  is 
nearly  pure  subsulphide  of  copper  (Cu^S),  half  the  sulphur  existing  in  the 
protosulphide  (CuS)  having  been  removed  by  oxidation  in  the  furnace.  The 
white  metal  is  run  into  sand-moulds  and  cast  into  ingots.  The  tin  and 
other  foreign  metals  usually  collect  in  the  lower  part  of  the  ingot,  so  that, 
for  making  hcst  selected  copper,  the  upper  part  is  broken  off"  and  worked 
separately,  the  inferior  copper  obtained  from  the  lower  part  of  the  ingot 
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being  termed  tile-copper.  The  ingots  of  white  metal  often  contain  beautiful 
tufts  of  metallic  copper  in  the  form  of  copper  moss. 

The  slag  separated  from  the  white  metal  {metal-slcuj)  is  much  more  fluid 
than  the  ore-furnace  slag,  and  contains  so  much  silicate  of  copper  that  it 
is  preserved  for  use  in  the  melting  for  coarse  metal. 

(5.)  Roasting  the  wliite  metal,  to  remove  the  sulphur  and  obtain  blistered 

copper.  The  ingots  of  white  metal  (to  the  amount  of  about  3  tons)  are 

placed  upon  the  hearth  of  a  reverberatory  furnace,  and  heated  for  four 
hours  to  a  temperature  just  below  fusion,  so  that  they  may  be  oxidised  at 
the  surface,  the  sulphur  passing  off  as  sulphurous  acid,  and  the  copper 
being  converted  into  oxide.  During  this  roasting  the  greater  part  of  the 
arsenic,  generally  present  in  the  fine  metal,  is  expelled  as  arsenious  acid. 
The  temperature  is  then  raised,  -so  that  the  charge  may  be  completely 
fused,  after  which  it  is  lowered  again  till  the  12th  hour.  The  oxide  of 
copper  now  acts  upon  the  sulphide  of  copper  to  form  metallic  copper  and 
sulphurous  acid  gas,  which  escapes  with  violent  ebullition  from  the 
melted  mass ;  Cu^S  +  2CuO  =  SO^  -h  Cu^.  When  this  ebullition  ceases, 
the  temperature  is  again  raised  so  as  to  cause  the  complete  separation  of 
the  copper  from  the  slag,  and  the  metal  is  run  out  into  moulds  of  sand. 
Its  name  of  blister  copper  is  derived  from  the  appearance  caused  by  the 
escape  of  the  last  portions  of  sulphiu'ous  acid  from  the  metal  when  solidi- 
fying in  the  mould. 

The  slag  {roaster  slag)  is  formed  in  this  operation  by  the  combination 
of  a  part  of  the  oxide  of  copper  with  silicic  acid  derived  from  the  sand 
adhering  to  the  ingots,  and  from  the  hearth  of  the  furnace.  The  slag 
also  contains  the  silicates  of  iron  and  of  other  metals,  such  as  tin  and  lead, 
which  might  have  been  contained  in  the  white  metal.  This  slag  is  used 
again  in  the  melting  for  white  metal. 

(6.)  Refining,  to  remove  foreign  metals, — This  process  consists  in  slowty 
fusing  7  or  8  tons  of  the  blistered  copper  in  a  reverberatory  furnace,  so 
that  the  air  passing  through  the  furnace  may  remove  any  remaining  sul- 
phur as  sulphurous  acid,  and  may  oxidise  the  small  quantities  of  iron,  tin, 
lead,  &c.,  present  in  the  metal.  Of  course,  a  large  proportion  of  the 
copper  is  oxidised  at  the  same  time,  and  the  suboxide  of  copper,  together 
with  the  oxides  of  the  foreign  metals,  combines  with  silicic  acid  (from  the 
hearth  or  from  adhering  sand)  to  form  a  slag  wliich  collects  upon  the  sur- 
face of  the  melted  copper.  A  portion  of  the  suboxide  of  copper  is  dis- 
solved by  the  metallic  copper,  rendering  it  brittle  or  dry  copper. 

(7.)  Toughening  or  poling,  to  remove  apart  of  the  oxygen  and  bring  the 
copper  to  tough-pitch. — After  about  twenty  hours,  the  slag  is  skimmed 
from  the  metal,  a  quantity  of  anthracite  is  tlu-own  over  the  surface  to  pre- 
vent further  oxidation,  and  the  metal  is  p)oled,  i.e.,  stirred  with  a  pole  of 
young  wood  until  a  small  sample,  removed  for  exairdnation,  presents  a 
peculiar  sUlcy  fracture,  indicating  it  to  be  at  tough-pitch,  when  it  is  cast 
into  ingots. 

The  chemical  change  during  the  poling  appears  to  consist  in  the  re- 
moval of  the  oxygen  contained  in  the  suboxide  present  in  the  metal,  by 
the  reducing  action  of  the  combustible  gases  disengaged  from  the  wood. 
The  presence  of  a  small  proportion  of  suboxide  of  copper  is  said  to  confer 
greater  toughness  upon  the  metal,  so  that  if  the  poling  be  continued  until 
the  whole  of  the  oxygen  is  removed,  overjjoled  cop)per  of  lower  tenacity  is 
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obtained.  On  the  other  hand,  the  brittleness  of  underpoled  copper  is  due 
to  the  presence  of  suboxide  of  copper  in  too  large  proportion.  Tough-cake 
coj^per  is  that  which  has  been  poled  to  tlie  proper  extent. 

When  tlie  copper  is  intended  for  rolling,  a  small  quantity  (not  exceed- 
ing ^  per  cent.)  of  lead  is  generally  added  to  it  before  it  is  ladled  into  the 
ingot  moulds. 

The  chemical  changes  which  take  place  during  the  above  processes  will 
be  more  clearly  understood  after  uispectuig  the  subjoined  table,  which 
exhibits  the  composition  of  the  products  obtained  at  different  stages  of  the 
process,  these  being  distinguished  by  the  same  numerals  as  were  employed 
in  the  above  description. 


Products  obtained  in  smelting  Ores  of  Copper. 


In  100  parts. 

Ore. 

Roasted 
Ore. 

Coarse 
Metal. 

Roasted 
Coarse 
Metal. 

White 
Metal. 

Blister 
Copper. 

Refined 
Copper. 

Tough- 
pitch 
Copper. 

Sulphur  

Oxygen  

Silicic  acid,    .    .  . 
Sulphuric  acid,  .  . 

8-2 
17-9 
19-9 

10 
34-3 

8-6 
17-6 
12-5 

4-5 
34-3 

11 

(2-) 
33-7 
33-6 
29-2 

(3.) 

33-7 
33-6 
13-0 
11-0 

(4.)" 
77-4 
0-7 
21-0 

(5.) 

98-0 
0-5 
0-2 

(6.) 

99-4 
trace 
trace 
0-4 

(7-) 
99-6 
trace 
trace 
0-03 

Ore 
Furnace 
Slag. 

Metal 
Slag. 

Roaster 
Slag. 

Refinery 
Slag. 

Oxide  of  iron  (FeO)  

Suboxide  of  copper  (CugO),  .    .  . 
Silicic  acid,  

(2.) 
28-5 
0-5 
30-0 

(4.) 
56'0 
0-9 

33-8 

(5.) 
280 
16-9 
47-5 

(6.) 
3-1 
36-2 
47-4 

Blue  metal  is  the  term  applied  to  the  regulus  of  white  metal  (from  process  4), 
when  it  still  contains  a  considerable  proportion  of  sulphide  of  iron,  in  consequence 
of  a  deficient  supply  of  oxide  of  copper  in  the  furnace.  Pimple  melal  is  obtained  in 
the  same  operation  when  the  oxide  of  copper  is  in  excess,  so  that  a  portion  of  the 
copper  is  reduced,  as  in  process  5,  with  evolution  of  sulphurous  acid,  -which  produces 
the  pimply  appearance  in  escaping.  The  reduced  copper  gives  a  reddish  coloixr  to 
the  pimple  copper.  Coarse  copper  is  a  similar  intermediate  stage  between  white 
metal  and  blistered  copper.  Tile  copper  is  that  extracted  from  the  bottoms  of  the 
ingots  of  white  metal,  when  the  tops  have  been  detached  for  making  best  select 
copper.  Rosette  or  rose  copper  is  obtained  by  running  water  upon  the  toughened 
metal,  so  as  to  enable  the  metal  to  be  removed  in  films.  Atiglesea  or  Mona  copper  is 
a  very  tough  copper,  reduced  by  metallic  iron  from  the  blue  water  of  tlio  copper 
mines,  which  contains  sulphate  of  copper. 

237.  For  tho  purpose  of  illustration,  copper  may  be  extracted  from  copper  pyrites 
on  the  small  scale  in  the  following  manner : — 

200  grains  of  tho  powdered  ore  are  mixed  with  an  equal  weight  ot  dried  borax, 
and  fused  in  a  covered  earthen  crucible  (of  about  8  oz.  capacity),  at  a  full  red  heat, 
for  about  half  an  hour.  The  earthy  matters  associated  with  the  ore  are  dissolved 
by  tho  borax,  and  tlie  pure  copper  pyrites  collects  at  the  bottom  of  tlie  crucible.  Tho 
contents  of  the  latter  are  poured  into  an  iron  mould  (scorifying  mould,  lig.  241), 
and  when  the  mass  has  set,  it  is  dipped  into  water.  The  sfimi-inctallic  button  is 
then  easily  detached  from  the  slag  by  a  gentle  blow  ;  it  is  weigliod,  finely  powdered 
in  an  iron  mortar,  and  introduced  into  an  earthen  crucible,  which  is  placed  obliquely 
over  a  dull  fire,  so  that  it  may  not  become  liot  enough  to  fuse  the  ore,  which  should 
be  stirred  occasionally  with  an  iron  rod  to  promote  the  oxidation  of  tho  sulpliur  by 
the  air.    When  the  odour  of  sulphurous  acid  is  no  longer  perceptible,  the  crucible  is 
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placed  in  a  Safstrom's  blast-furnace  (fig.  237'),  and  exposed  for  a  few  minutes  to  a  white 
heat,  in  order  to  decompose  the  sulphates  of  iron  and  copper.  When  no  more  fumes  of 


and  heated  in  a  Sefstrom's  furnace  for  twenty  minutes.  The  crucible  is  then 
allowed  to  cool  partly,  plunged  into  water  to  render  it  brittle,  and  carefully  broken 
to  extract  the  button  of  metallic  copper,  which  is  weighed  to  ascertain  the  amount 
contained  in  the  original  ore. 

238.  Effect  of  impm-ities  upon  the  quality  of  copper. — The  information 
possessed  by  cliemists  upon  this  subject  is  still  very  limited.  It  has  been 
already  mentioned  that  the  presence  of  a  small  proportion  of  suboxide  of 
copper  in  commercial  copper  is  found  to  increase  its  toughness.  It  is 
believed  that  copper,  perfectly  free  from  metallic  impurities,  is  not  im- 
proved in  quality  by  the  presence  of  the  suboxide,  but  that  this  substance 
has  the  effect  of  counteracting  the  red-shortness  {see  p.  315)  of  commercial 
copper,  caused  by  the  presence  of  foreign  metals. 

Sulphur,  even  in  rainute  proportion,  appears  seriously  to  injure  the 
malleability  of  copper. 

Arsenic  is  almost  invariably  present  in  copper,  very  frequently  amoimt- 
ing  to  O'l  per  cent.,  and  does  not  appear  to  exercise  any  injurious  influence 
in  this  proportion ;  indeed,  its  presence  is  sometimes  stated  to  increase 
the  malleability  and  tenacity  of  the  metal. 

Phosp)horus  is  not  usually  found  in  the  copper  of  commerce.  "When 
purposely  added  in  quantity  varying  from  0-12  to  0 '5  per  cent,  it  is  found 
to  increase  the  hardness  and  tenacity  of  the  copper,  though  rendering  it 
somewhat  red-short. 

Tin,  in  minute  proportion,  is  also  said  to  increase  the  toughness  of 
copper,  though  any  considerable  proportion  renders  it  brittle. 

Antimony  is  a  very  objectionable  impurity,  and  is  by  no  means  uncom- 
mon in  samples  of  copper. 

Nickel  is  beHeved  to  injure  the  quality  of  copper  in  wliich  it  occurs. 

Bismuth  and  silver  are  very  generally  found  in  marketable  copper,  but 
their  effect  upon  its  quality  has  not  been  clearly  determined. 

All  impurities  appear  to  affect  the  malleability  and  tenacity  of  copper, 
more  perceptibly  at  high  than  at  low  temperatures. 

The  conducting  power  of  copper  for  electricity  is  affected  in  an  ex- 
traordinary degree  by  the  presence  of  impiuities.  Thus,  if  the  conducting 
power  of  chemically  pure  copper  be  represented  by  100,  that  of  the  very 
pure  native  copper  from  Lake  Superior  has  been  found  to  be  93,  that  of 
the  copper  extracted  from  the  malachite  of  the  Bim-a  Burra  mines  in 
South  Australia  was  89,  whilst  that  of  Spanish  copper,  remarkable  for 
containing  much  arsenic,  was  only  14. 

Pure  co2jper  is  obtained  by  decomposing  a  solution  of  pure  sulphate  of 
copper  by  the  galvanic  current,  as  in  the  electrotype  process.  If  the 
negative  wire  be  attached  to  a  copper  plate  immersed  in  the  solution,  the 
pure  copper  may  be  striped  off  this  plate  in  a  sheet. 


Fig.  241. 


sulphuric  acid  are  perceived,  the  cru- 
cible is  lifted  from  the  fire,  held  over 
the  iron  mortar,  and  the  roasted  ore 
quickly  scraped  out  of  it  with  a  steel 
spatula.  This  mixture  of  the  oxides 
of  copper  and  iron  is  reduced  to  a 
fine  powder,  mixed  with  600  grains 
of  dried  carbonate  of  soda  and  60 
grains  of  powdered  charcoal,  re- 
turned to  the  same  crucible,  covered 
with  200   grains  of  dried  borax, 
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239.  Properties  of  caliper.  —  The  most  prominent  character  which 
confers  upon  copper  so  high  a  rank  among  the  useful  metals  is  its  mal- 
leability, which  allows  it  to  be  readily  fashioned  under  the  hammer,  and  to 
be  beaten  or  rolled  out  into  thin  sheets ;  among  the  metals  in  ordinary 
use,  only  gold  and  silver  exceed  copper  in  malleability,  and  the  com- 
parative scarcity  of  those  metals  leads  to  the  application  of  copper  for 
most  pm'poses  where  great  malleability  is  requisite. 

Although,  in  tenacity  or  strength,  copper  ranks  next  to  iron,  it  is  still 
very  fai-  inferior  to  it,  for  a  copper  wire  of  j-^  inch  in  diameter  will  support 
only  385  lbs.,  while  a  similar  iron  wii-e  will  carry  705  lbs.  without  breaking; 
and  in  consequence  of  its  inferior  tenacity,  copper  is  less  ductile  than  iron, 
and  does  not  admit  of  being  so  readdy  drawn  into  exceedingly  thin  wires. 

The  comparative  ease  with  which  copper  may  be  fused,  allows  it  to  be 
cast  much  more  readily  than  ii-on ;  for  it  wiU  be  remembered  that  the 
latter  metal  can  be  liquefied  only  by  the  highest  attainable  furnace  heat, 
whereas  copper  can  be  fused  at  about  2000°  F.,  a  temperature  generally 
spoken  of  as  a  bright  red  heat. 

As  being  the  most  sonorous  of  metals,  copper  has  been,  from  time 
immemorial,  employed  in  the  construction  of  bells  and  musical  instru- 
ments. The  readiness  with  which  it  transmits  electricity  is  turned  to 
account  in  telegraphic  communication,  its  conducting  power  being  almost 
equal  to  that  of  silver,  which  is  the  best  of  electric  conductors.  In  con- 
ducting power  for  heat,  copper  is  surpassed  only  by  silver  and  gold. 

Copper  is  not  so  hard  as  iron,  and  is  somewhat  heavier,  the  specific 
gravity  of  cast  copper  being  8-92,  and  that  of  hammered  or  drawn  copper 
8-95. 

The  resistance  of  copper  to  the  chemical  action  of  moist  air  gives  it  a 
great  advantage  over  iron  for  many  uses,  and  the  circumstance  that  it  does 
not  decompose  water  in  presence  of  acids,  enables  it  to  be  employed  as 
the  negative  plate  in  galvanic  couples. 

240.  Effect  of  sea-icater  upon  copper. — When  copper  is  placed  in  a 
solution  of  salt  in  water,  no  perceptible  action  takes  place ;  but  in  the 
course  of  time,  if  air  be  allowed  access,  it  becomes  covered  with  a  green 
coating  of  oxychloride  of  copper  (CuCl .  3CuO  .  4H0),  the  action  probably 
consisting,  first,  in  the  conversion  of  the  copper  into  oxide  by  the  air, 
and  afterwards  in  the  decomposition  of  the  oxide  by  the  chloride  of 
sodium ;  4CuO  +  NaCl  =  CuCl .  3CuO  +  NaO.  The  surface  of  the 
copper  is  thus  corroded,  and  in  the  case  of  a  copper-bottomed  ship,  the 
action  of  sea-water  not  only  occasions  a  great  waste  of  copper,  but  roughens 
the  surface  of  the  sheathing,  and  affords  points  of  attachment  to  barnacles, 
&c.,  which  injure  the  speed  of  the  vessel.  Many  attempts  have  been  made 
to  obviate  this  inconvenience.  Zinc  has  been  fastened  here  and  there  to 
the  outside  of  the  copper,  placing  the  latter  in  an  electronegative  con- 
dition ;  the  copper  has  been  coated  with  various  compositions,  but  with 
very  indifferent  success.  Muntz  metal,  an  alloy  of  3  parts  of  copper  and 
2  parts  of  zinc,  has  been  employed  with  some  advantage  in  place  of 
copper,  for  it  is  very  much  cheaper  and  somewhat  less  easily  corroded ; 
but  the  difficulty  is  hy  no  means  overcome.  Copper  containing  about  0'5 
per  cent,  of  phosphorus  is  said  to  be  corroded  by  sea-water  much  less 
easily  than  pure  copper. 

241.  Danger  attending  the  iise  of  copper  vessels  in  cooJcing  food.-^The 
use  of  copper  for  culinary  vessels  has  occasionally  led  to  serious  conse- 
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quences,  from  the  poisonous  nature  of  its  compounds,  and  from  ignorance 
of  the  conditions  under  which  these  compounds  are  formed.  A  perfectly 
clean  surface  of  metallic  copper  is  not  affected  by  any  of  the  substances 
employed  in  the  preparation  of  food,  but  if  the  metal  has  been  allowed  to 
remain  exposed  to  the  action  of  the  air,  it  becomes  covered  with  a  film  of 
oxide  of  copper,  and  this  subsequently  combines  with  water  and  carbonic 
acid  derived  from  the  air,  to  produce  a  basic  carbonate  of  copper,*  which, 
becoming  dissolved,  or  mixed  with  the  food  prepared  in  these  vessels, 
confers  upon  it  a  poisonous  character.  This  danger  may  be  avoided  by 
the  use  of  vessels  which  are  perfectly  clean  and  bright,  but  even  from 
these,  certain  articles  of  food  may  become  contaminated  with  copper,  for 
this  metal  is  much  more  likely  to  be  oxidised  by  the  air  when  in  con- 
tact with  acids  (vinegar,  juices  of  fruits,  &c.),  or  with  fatty  matters,  or 
even  with  common  salt,  and  if  oxide  of  copper  be  once  formed,  it  will  be 
readily  dissolved  by  such  substances.  Hence  it  is  usual  to  coat  the  in- 
terior of  copper  vessels  with  tin,  which  is  able  to  resist  the  action  of  the 
air,  even  in  the  presence  of  acids  and  saline  matters. 

242.  Useful  alloys  of  copper  with  other  metals. — The  most  important 
alloys  of  which  copper  is  a  predominant  constituent  are  included  in  the 
following  table : — 


Composition  of  100  parts. 


Copper. 

Zinc 

Tin. 

Iron. 

Nickel. 

Alnminum. 

64 

36 

Muntz  metal,  .... 

60  to  70 

40  to  30 

German  silver,    .    .  . 

51 

30-5 

18-5 

Aich  (or  Gedge's)  metal, 

60 

38-2 

0'8 

1-8 

Sterro-metal,  .... 

55 

42-4 

1-8 

78 

22 

Speciilum  metal,  .    .  . 

66-6 

33-4 

80 

4  "" 

16 

Gun  metal,  .... 

90-5 

9-5 

Bronze  coinage,  .    .  . 

95 

l" 

4 

Aluminum  bronze,    .  . 

90 

... 

10 

Brass  is  made  by  melting  copper  in  a  crucible,  and  adding  rather  more 
than  half  its  weight  of  zinc.  It  is  difficult  to  decide  whether  brass  is  a 
true  chemical  compound,  or  a  mere  mechanical  mixture  of  copper  and 
zinc,  because  it  is  capable  of  dissolving  either  of  those  metals  when  in  a 
state  of  fusion.  The  circumstance  that  it  can  be  deposited  by  decom- 
posing a  solution  containing  copper  and  zinc  by  the  galvanic  current,  woiild 
appear  to  indicate  that  it  is  a  chemical  compound,  and  its  physical  pro- 
perties are  not  such  as  would  be  expected  from  a  mere  mixture  of  its 
constituents.  A  small  quantity  of  tin  is  added  to  brass  intended  for 
door-plates,  which  renders  the  engraving  much  easier.  Wlien  it  has  to 
be  turned  or  filed,  about  2  per  cent,  of  lead  is  usually  added  to  it,  in 
order  to  prevent  it  from  adhering  to  the  tools  employed.  Brass  cannot 
be  melted  without  losing  a  portion  of  its  zinc  in  the  form  of  vapour. 
When  exposed  to  frequent  vibration  (as  in  the  suspending  chains  of  chan- 
deliers) it  suffers  an  alteration  in  structure  and  becomes  extremely  brittle. 

*  Often  erroneously  called  verdigris,  which  is  really  a  basic  acetate  of  copper. 
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The  solder  used  by  braziers  consists  of  equal  weiglits  of  copper  and  zinc. 
In  order  to  prevent  ornamental  brass-work  from  being  tarnished  by  the 
action  of  air,  it  is  either  lacquered  or  bronzed.  Lcu-qaering  consists 
simply  in  varnishing  the  brass  with  a  solution  of  shell-lac  in  spirit, 
coloured  with  dragon's  blood.  Bronzing  is  effected  by  applying  a  solution 
of  arsenic  or  mercury,  or  platinum,  to  the  surface  of  the  brass.  By  the 
action  of  arsenious  acid  dissolved  in  hydrochloric  acid,  upon  brass,  the 
latter  acquires  a  coating  composed  of  arsenic  and  copper,  which  imparts  a 
bronzed  appearance,  the  zinc  being  dissolved  in  place  of  the  arsenic, 
which  combines  with  the  copper  at  the  surface — 

ASO3  +  3HC1  +  ZU3  =  As  +  3ZnCl  +  3H0 . 
A  mixture  of  corrosive  sublimate  (chloride  of  mercury,  HgCl)  and  acetic 
acid  is  also  sometimes  employed,  when  the  mercury  is  displaced  by  the 
zinc,  and  precipitated  upon  the  surface  of  the  brass,  with  which  it  forms 
a  bronze-like  amalgam.  Por  bronzing  brass  instruments,  such  as 
theodolites,  levels,  &c.,  a  solution  of  bicliloride  of  platinum  is  employed, 
the  zinc  of  the  brass  precipitating  a  very  durable  film  of  metaUic  platinum 
upon  its  sru-face  (PtCLj  +  =  Pt  -f-  2ZnCl).  Aich-metcd  is  a  kind  of 
brass  containing  iron,  and  has  been  employed  for  cannon,  on  account 
of  its  great  strength.    At  a  red  heat  it  is  very  malleable. 

Sterro-metal  {aTeppo<s,  strong)  is  another  variety  of  brass  containing  iron 
and  tin,  said  to  have  been  discovered  accidentally  in  making  brass  with 
the  alloy  of  zinc  and  iron  obtained  during  the  process  of  making  gal- 
vanised iron  (p.  294).  It  possesses  great  strength  and  elasticity,  and  is 
used  by  engineers  for  the  piunps  of  hydraulic  presses. 

Aluminum  bronze  has  been  already  noticed,  and  the  alloys  of  copper 
and  tin  will  be  described  under  the  latter  metal. 

A  very  hard  white  alloy  of  77  parts  of  zinc,  17  of  tin,  and  6  of  copper, 
is  sometimes  employed  for  the  bearings  of  the  driving-wheels  of  loco- 
motives. 

Iron  and  steel  are  coated  with  a  closely  adherent  film  of  copper,  by 
placing  them  in  contact  with  metaUic  zinc  in  an  alkaline  solution  of  oxide 
of  copper,  prepared  by  mixing  sulphate  of  copper  with  tartrate  of  potash 
and  soda,  and  caustic  soda.  The  copper  is  thus  precipitated  upon  the  iron 
by  slow  voltaic  action,  the  zinc  being  the  attacked  metal.  By  adding  a 
solution  of  stannate  of  soda  to  the  alkaline  copper  solution,  a  deposit  of 
bronze  may  be  obtained. 

243.  Oxides  of  copper. — Two  oxides  of  copper  are  well  laiown  in  the 
separate  state,  viz.,  the  suboxide  Cwfi,  and  the  oxide  CuO.  Another 
oxide,  Cup,  has  been  obtained  in  a  hydrated  state,  and  there  is  some 
evidence  of  the  existence  of  an  acid  oxide. 

The  black  oxide  of  copper  {ciqjric  oxide),  CuO,  is  the  black  layer  which 
is  fonned  upon  the  surface  of  the  metal  when  heated  in  air.  It  is  em-, 
ployed  by  the  chemist  in  the  ultimate  analysis  of  organic  substances  by 
combustion  (p.  73),  being  prepared  for  this  purpose  by  acting  upon 
copper  with  nitric  acid  to  convert  it  into  nitrate  of  copper  (p.  12C),  and 
heating  this  to  dull  redness  in  a  rough  vessel  made  of  sheet  copper,  when 
it  leaves  the  black  oxide ;  CuO .  NO,,  =  NO4  +  0  +  CuO.  At  a  higher 
temperature  the  oxide  fuses  into  a  very  hard  mass ;  but  it  cannot  be  de- 
composed by  heat.  Oxide  of  copper  absorbs  water  easily  from  the  air, 
but  it  is  not  dissolved  by  water ;  acids,  however,  dissolve  it,  forming  the 
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salts  of  copper,  whence  the  use  of  oil  of  vitriol  and  nitric  acid  for  cleans- 
ing the  tarnished  surface  of  copper ;  a  blackened  coin,  for  example,  im- 
mersed in  strong  nitric  acid,  and  thoroughly  washed,  becomes  as  bright  as 
when  freshly  coined.  Silicic  acid  dissolves  oxide  of  copper  at  a  high  tem- 
perature, forming  silicate  of  copper,  which  is  taken  advantage  of  in  pro- 
ducing a  fine  green  colour  in  glass. 

Red  oxide  or  suboxide  of  mpper  {cuprous  oxide),  Cu^O,  is  formed  when 
a  mixture  of  5  parts  of  the  black  oxide  with  4  parts  of  copper  filings  Ls 
heated  in  a  closed  crucible.  It  may  also  be  prepared  by  boiling  a  solution 
of  sulphate  of  copper  with  a  solution  containing  sulphite  of  soda  and  car- 
bonate of  soda  in  equal  quantities,  when  the  suboxide  of  copper  is  preci- 
j)itated  as  a  reddish  yellow  powder,  which  should  be  washed,  by  decanta- 
tion,  with  boiled  water — 

2(CuO.SO,)  +  2(NaO.COJ  +  FaO .  SO^  = 
Cu,0  +  3(NaO.S03)  -f  200^  . 

The  suboxide  of  copper  is  a  feeble  base,  but  its  salts  are  not  easUy  ob- 
tained by  direct  union  with  acids,  for  these  generally  decompose  it  into 
metallic  copper  and  oxide  of  copper,  which  combines  with  the  acid.  In 
the  moist  state  it  is  slowly  oxidised  by  the  au'.  Ammonia  dissolves  the 
suboxide,  forming  a  solution  which  is  perfectly  colourless  until  it  is 
allowed  to  come  into  contact  with  air,  when  it  assumes  a  fine  blue  colour, 
becoming  converted  into  an  ammoniacal  solution  of  the  oxide.  K  the 
blue  solution  be  placed  in  a  stoppered  bottle  (quite  filled  with  it)  with  a 
strip  of  clean  copper,  it  will  gradually  become  colourless,  the  oxide  being 
again  reduced  to  suboxide,  a  portion  of  the  copper  being  dissolved.  "When 
copper  filings  are  shaken  with  ammonia  in  a  bottle  of  air,  the  same  blue 
solution  is  obtained,  the  oxidation  of  the  copper  being  attended  with  a 
simultaneous  oxidation  of  a  portion  of  the  ammonia,  and  its  conversion 
into  nitrous  acid,  so  that  white  fumes  of  nitrite  of  ammonia  are  formed 
in  the  upper  part  of  the  bottle.  If  the  blue  solution  be  poured  into  a 
large  quantity  of  water,  a  light  blue  precipitate  of  hydrated  oxide  of 
copper  is  obtained.  The  ammoniacal  solution  of  oxide  of  copper  has  the 
imusual  property  of  dissolving  paper,  cotton,  tow,  and  other  varieties  of 
celhdose,  this  substance  being  reprecipitated  from  the  solution  on  adding 
an  acid. 

Suboxide  of  copper,  added  to  glass,  imparts  to  it  a  fine  red  colour', 
which  is  turned  to  account  by  the  glass-maker. 

Quadrant-oxide  of  copper,  Cu.^O,  has  been  obtained  in  combination 
with  water  by  the  action  of  protochloride  of  tin  and  potash  upon  a  salt  of 
copper. 

Cupric  acid  is  believed  to  be  formed  when  metallic  copper  is  fused  with 
nitre  and  caustic  potash.  The  mass  yields  a  blue  solution  in  water,  which 
is  very  easily  decomposed,  with  evolution  of  oxygen  and  precipitation  of 
oxide  of  copper.  The  existence  of  an  unstable  oxide  of  copper,  containing 
more  than  one  equivalent  of  oxygen,  is  also  rendered  probable  by  the  cir- 
cumstance, that  oxide  of  copper  acts  lilce  binoxide  of  manganese  in  facili- 
tating the  disengagement  of  oxygen  from  chlorate  of  jDotash  by  heat 
(page  14). 

244.  Suljjhate  of  cojjper. — The  beautiful  prismatic  crystals  known  as 
blue  vitriol,  blue  stone,  blue  cojjjyeras,  or  sulpliate  of  copper,  have  been 
aheady  mentioned  as  formed  in  the  preparation  of  sidphurous  acid  (p.  196), 
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by  dissolving  copper  in  oil  of  vitriol,  a  process  which  is  occasionally  em- 
ployed for  the  manufacture  of  this  salt.  A  considerable  supply  of  the 
sulphate  is  obtained  as  a  secondary  product  in  the  process  of  silver-refin- 
ing (p.  207). 

The  sulphate  of  copper  is  also  manufactured  by  roasting  copper  pyrites 
(FeCuS.,)  with  free  access  of  air,  when  it  becomes  partly  converted  into  a 
mixture  of  sulphate  of  copper  Avith  sulphate  of  iron — 

FeCuSa    +    0,    =    PeO.SO^    +    CuO .  SO3  . 

The  sulphate  of  iron,  however,  is  decomposed  by  the  heat,  losing  its 
sulphuric  acid,  and  leaving  simply  peroxide  of  iron  (see  p.  322).  When 
the  roasted  mass  is  treated  with  water,  the  oxide  of  iron  is  left  undis- 
solved, but  the  sulphate  of  copper  enters  into  solution,  and  may  be  ob- 
tained in  crystals  by  evaporation. 

These  crystals,  as  they  are  found  in  commerce,  are  usually  opaque, 
but  if  they  are  dissolved  in  hot  water  and  allowed  to  crystalhse  slowly, 
they  become  perfectly  transparent,  and  have  then  the  composition  ex- 
pressed by  the  formrda  CuO  .  SO3  +  5H0.  If  the  crystals  be  heated  to 
the  temperature  of  boiling  water,  they  lose  four-fifths  of  their  water,  and 
crumble  down  to  a  greyish  white  powder,  which  has  the  composition 
CuO .  SO3  +  HO,  and  if  this  be  moistened  with  water,  it  becomes  very 
hot  and  resumes  its  original  blue  colour.  The  whitish  opacity  of  the 
ordinary  crystals  of  blue  stone  is  due  to  the  absence  of  a  portion  of  the 
water  of  crystallisation. 

The  fifth  equivalent  of  water  can  be  expelled  only  at  a  temperature  of 
nearly  400°  F.,  and  is  therefore  generally  called  water  of  constitution  (see 
p.  49),  the  formula  of  the  crystals  being  then  written  CuO  .  SO3.  HO  +  4Aq. 
The  crystals  dissolve  in  four  parts  of  cold  and  two  parts  of  boiling  water. 
The  solution  reddens  litmus. 

The  sulphate  of  copper  is  largely  employed  by  the  dyer  and  calico- 
printer,  and  in  the  manufacture  of  pigments.  It  is  also  occasionally  used 
in  medicine,  in  the  electrotype  process,  and  in  galvanic  batteries. 

If  a  solution  of  sulphate  of  copper  be  mixed  Avith  an  excess  of  solution 
of  potash,  a  blue  precipitate  of  hyclrated  oxide  of  cop23er  (CuO .  HO)  is 
produced.  On  boiling  this  in  the  liquid,  it  loses  its  water  and  becomes 
black  oxide.  The  paint  known  as  blue  verditer  is  hydrated  oxide  of 
copper  obtained  by  decomposing  nitrate  of  copper  with  hydrate  of  lime.  _ 

When  ammonia  is  added  to  solution  of  sulphate  of  copper,  a  basic 
sulphate  is  first  precipitated,  which  is  dissolved  by  an  excess  of  ammonia 
to  a  dark  blue  fluid.  On  allowing  this  to  evaporate,  dark  blue  crystals  of 
ummonio-sulphute  of  copper,  CuO .  SO.,,  2NH3,  HO,  are  deposited.  They 
lose  their  ammonia  when  exposed  to  the  air. 

A  basic  sidpliate  of  copper,  CuO .  SO3,  4(CuO .  HO),  constitutes  the 
mineral  brocliantif.c. 

Sulphate  of  copper  cannot  easily  be  separated  by  crystallisation  from  the 
sulphates  of  iron,  zinc,  and  magnesia,  because  it  forms  double  salts  with 
them,  which  contain,  like  those  sulphates,  7  equivalents  of  water.  An  in- 
stance of  this  is  seen  in  the  black  vitriol  obtained  from  the  mother-liquor 
of  the  sulphate  of  copper  at  Mansfeld,  and  forming  bluish  black  crystals 
isomori^hous  with  green  vitriol,  FeO.SOa.7HO.  The  formula  of  black 
vitriol  may  be  written — 

(CuMgFeMnCoNi)O  .  SO^ .  7H0 
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tlie  six  isomorphous  metals  being  interchangeable  without  altering  the 
general  character  of  the  salt. 

Arsenite  of  copper  or  Scheele's  green  has  been  mentioned  at  p.  245. 

The  basic  phosphates  of  copper  compose  the  minerals  tagalite  and 
lihethenite. 

The  basic  carbonates  of  copjjer  have  been  noticed  as  forming  the  very 
beautiful  minerals  Uue  malachite,  or  chessT/lite,  and  green  malachite. 

Mineral  green  (CuO .  COg,  CuO .  HO)  has  the  same  composition  as 
('Teen  malachite,  and  is  prepared  by  mixing  hot  solutions  of  carbonate  of 
soda  and  sulphate  of  copper.  When  boiled  in  the  liquid,  it  is  gradually 
converted  into  black  oxide  of  copper. 

Silicates  of  copper  are  found  in  the  minerals  dioptase,  or  emerald  copper, 
and  clirysocolla. 

245.  Clilorides  of  copper. — The  cliloride  of  copper  (cupric  chlonde) 
(CuCl)  is  produced  by  the  direct  union  of  its  elements,  when  it  forms  a 
brown  mass,  wliich  fuses  easily,  and  is  decomposed  into  chlorine  and  sub- 
chloride  of  copper,  the  latter  being  afterwards  converted  into  vapour. 
When  dissolved  in  water,  it  gives  a  solution  which  is  green  when  concen- 
trated, and  becomes  blue  on  dilution.  The  hydrated  cliloride  of  copper 
is  readily  prepared  by  dissolving  the  black  oxide  in  hot  hydrochloric 
acid,  and  allowing  the  solution  to  crystallise  ;  it  forms  green  needle-like 
crystals  (CuCl.  2H0).  A  solution  of  chloride  of  copper  in  alcohol  burns 
with  a  splendid  green  flame,  and  the  chloride  imparts  a  similar  colour  to 
a  gas  flame. 

Oxj/chloride  of  copper  (CuCl.  3CuO .  4H0)  is  found  at  Atacama  in 
prismatic  crystals,  and  is  called  atacamite.  The  paint  Brunswick  green 
has  the  same  composition,  and  is  made  by  moistening  copper  with  solu- 
tion of  hydrochloric  acid  or  of  sal-ammoniac,  and  exposing  it  to  the  air  ui 
order  that  it  va.a.j  absorb  oxygen — 

Cu,  +  HCl  +  3H0  +  0,  =  CuCl.3CuO.4HO. 

The  Brunswick  green  of  the  shops  frequently  consists  of  a  mixture  of 
Prussian  blue,  chromate  of  lead,  and  sulphate  of  baryta. 

Subchloride  of  copper  {cuprous  chloride),  Cu^Cl,  is  formed  when  fine 
copper  turnings  are  shaken  with  strong  hydrochloric  acid  in  a  bottle  of 
air  (Cua  +  HCl  +  0  =  CujCl  +  HO).  The  subchloride  dissolves  in  the 
excess  of  hydrochloric  acid,  forming  a  brown  solution,  from  which  water 
precipitates  the  lohite  subchloride  of  copper,  for  this  is  one  of  the  few 
chlorides  insoluble  in  water.  When  exposed  to  light,  it  assumes  a  purpKsh 
grey  tint.  It  may  be  obtained  in  larger  quantity  by  dissolving  5  parts 
of  black  oxide  of  copper  in  hydrocliloric  acid,  and  boiling  with  4  parts 
of  fine  copper  turnings,  the  brown  solution  being  afterwards  precipitated 
by  water.  If  the  solution  be  moderately  diluted  and  set  aside,  it  deposits 
tetrahedral  crystals  of  the  subchloride.  Ammonia  (free  from  air)  dissolves 
the  subchloride  to  a  colourless  liquid,  which  becomes  dark-blue  by 
contact  with  air,  absorbing  oxygen.  The  ammoniacal  solution  of  sub- 
chloride of  copper  is  employed  as  a  test  for  acetylene  (p.  84),  which 
gives,  a  red  precipitate  with  it.  Tiie  solution  may  be  preserved  in  a 
colourless  state  by  keeping  it  in  a  well-stoppered  bottle,  quite  full,  with 
strips  of  clean  copper.  When  copper,  in  a  finely  divided  state,  is 
boiled  with  solution  of  hydrochlorato  of  ammonia,  tiie  solution  deposits 
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colourless  crystals  of  the  salt  CuaCl .  NH^.  If  tlie  solution  of  this  salt 
be  exposed  to  the  air,  blue  crystals  are  deposited,  having  the  formula 
Cu^Cl .  NH3  +  CuCl .  NH3  +  HO,  and  on  further  exposui'e,  a  compound 
of  this  last  salt  with  hydrochlorate  of  ammonia  is  deposited.  The  solu- 
tion of  subchloride  of  copper  in  hydrochloric  acid  is  employed  for 
absorbing  carbonic  oxide  in  the  analysis  of  gaseous  mixtures  (p.  252), 
When  this  solution  is  exposed  to  air  it  absorbs  oxygen,  and  deposits  the 
oxycliloride  of  copper.  A  strong  solution  of  hydrochlorate  of  ammonia 
or  of  chloride  of  potassium  readily  dissolves  the  cuprous  chloride,  even 
in  the  cold,  forming  soluble  double  chlorides.  The  solution  in  chloride 
of  potassivun  does  not  absorb  oxygen  quite  so  easily  as  that  in  hydro- 
chlorate of  ammonia. 

246.  Sulphides  of  cojjper. — Copper  has  a  very  marked  attraction  for 
sulphur,  even  at  the  ordinary  temperature.  A  bright  surface  of  copper 
soon  becomes  tarnished  by  contact  with  sulphur,  and  hydrosulphuric  acid 
blackens  the  metal.  Finely  divided  copper  and  sulphur  combine  slowly 
at  the  ordinary  temperature,  and  when  heated  together,  they  combine  with 
combustion.  A  thick  copper  wire  burns  easily  in  vapour  of  sulphur 
(p.  189).  Copper  is  even  partly  converted  into  stdphide  when  boiled 
with  sulphui'ic  acid,  as  in  the  preparation  of  sulphurous  acid  gas.  This 
great  attraction  of  copper  for  sulphur  is  taken  advantage  of  in  the  process 
of  Tcemel-roasting  for  extracting  the  copper  from  pyrites  containing  as 
httle  as  1  per  cent,  of  the  metal.  The  pyrites  is  roasted  in  large  heaps 
(p.  186)  for  several  weeks,  when  a  great  part  of  the  iron  is  converted 
into  peroxide,  and  the  copper  remains  combined  with  sulphur,  forming 
a  hard  kernel  in  the  centre  of  the  lumps  of  ore.  Tliis  kernel  contains 
about  5  per  cent,  of  copper,  and  can  be  smelted  with  economy.  Children 
are  employed  to  detach  the  kernel  from  the  shell,  which  consists  of 
peroxide  of  iron  and  a  little  sulphate  of  copper,  which  is  washed  out  with 
water. 

The  suhmlphide  of  caliper  (CujS)  has  been  mentioned  among  the  ores 
of  copper,  and  among  the  furnace  products  in  smelting,  when  it  is  some- 
times obtained  in  octahedral  crystals.  It  is  not  attacked  by  hydrochloric 
acid,  but  nitric  acid  dissolves  it  readily.  Copper  pyrites  is  beheved  to 
contain  the  copper  in  the  form  of  subsulphide,  its  true  formula  being 
Cu,S  .  S3 ;  for  if  the  copper  be  present  as  sulphide,  CuS,  the  iron  must 
be  present  as  protosulphide,  and  the  mineral  would  have  the  formula 
CuS .  FeS.  JSTow,  FeS  is  easily  attacked  by  dilute  sulphuric  or  hydro- 
chloric acid,  which  is  not  the  case  with  copper  pyrites.  Mtric  acid,  how- 
ever, attacks  it  violently. 

Sulphide  of  copper  (CuS)  occurs  in  nature  as  indigo-copper  or  Uue 
copper,  and  may  be  obtained  as  a  black  precipitate  by  the  action  of 
hydrosulphuric  acid  upon  solution  of  sulphate  of  copper.  When  this 
precipitate  is  boiled  with  sulphur  and  hydrosulphate  of  ammonia,  it  is 
dissolved  in  small  quantity,  and  the  solution  on  cooling  deposits  fine 
scarlet  needles  containing  a  higher  sulphide  of  copper  combiued  with 
hydrosulphate  of  atnmonia. 

A  pentasulphide  of  copper  (CuS.)  is  obtained  by  decomposing  sulphate 
of  copper  with  pentasulphide  of  potassium  ;  it  forms  a  black  precipitate, 
distinguished  from  the  other  sulphides  of  copper  by  its  solubility  in  car- 
bonate of  potash. 

The  sulphides  of  copper,  when  exposed  to  air  in  the  presence  of  water, 
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are  slowly  oxidised  and  converted  into  sulphate  of  copper,  which  is  dis- 
solved by  the  water.  It  appears  to  be  in  this  way  that  the  hlue  water  of 
the  copper  mines  is  formed. 

Phosjyhide  of  cojjper  (CUjP),  obtained  as  a  black  powder  by  boiling 
solution  of  sulphate  of  copper  with  phosphorus,  has  been  already  men- 
tioned as  a  convenient  source  of  phosphuretted  hydrogen.  Another  phos- 
phide, obtained  by  passing  vapour  of  phosphorus  over  finely  divided 
copper  at  a  high  temperature,  is  employed  in  Abel's  composition  for 
magneto-electric  fuzes,  in  conjunction  with  subsulphide  of  copper  and 
chlorate  of  potash. 

Silicon  may  be  made  to  unite  with  copper  by  strongly  heating  finely 
divided  copper  with  silicic  acid  and  charcoal.  A  bronze-like  mass  is  thus 
obtained,  containing  about  5  per  cent,  of  sUicon.  It  is.  said  to  rival  iron 
in  ductility  and  tenacity,  and  fuses  at  about  the  same  temperature  as 
bronze. 

247.  Equivalent  and  atomic  weights  of  copper. — ^Wlien  pure  black  oxide 
of  copper  is  heated  in  hydrogen,  39 '5  parts  by  weight  of  the  oxide  give 
up  8  parts  (one  equivalent)  of  oxygen,  to  form  water  with  the  hydrogen, 
leaving  31 '5  parts  of  copper.  If  the  black  oxide,  then,  be  regarded  as 
containing  single  eqviivalents  of  its  elements,  the  equivalent  of  copper 
wiU  be  31  "5  ;  but  if  the  red  oxide  (which  contains  twice  as  much  copper 
in  proportion  to  the  oxygen)  be  supposed  to  contain  single  equivalents, 
that  of  copper  would  \)q  63.  The  isomorjjhism  of  the  black  oxide  of 
copper  with  the  protoxide  of  iron  (FeO)  and  the  oxide  of  zinc  (ZnO), 
which  it  replaces  in  their  sulphates  without  alteration  of  crystaUine  form, 
leads  to  the  belief  that  it  resembles  them  in  composition,  and  that  the 
equivalent  weight  of  copj^er  is  31 '5. 

That  copper  is  a  diatomic  element,  i.e.,  that  its  atomic  weight  is  twice 
its  equivalent  weight  (or  Ou  =  63),  is  shown  by  its  specific  heat,  and  by 
the  constitution  of  its  compounds.  Thus,  the  nitride  of  cop)per,  N6U3, 
obtained  by  the  action  of  ammonia  gas  upon  heated  oxide  of  copper,  re- 
presents ammonia  (NH^),  in  which  three  atoms  of  copper  occupy  the  place 
of  three  atoms  of  hydrogen.  The  atomic  formulm  for  some  of  the  more 
important  compounds  of  copper  would  be — red  oxide  Ou^O,  black  oxide 
■Gu0,  subsulphide  Gu^S,  sulphide  €u&,  cuprous  chloride  (subchloride) 
©uCl,  cupric  chloride^uClj. 

LEAD. 

248.  Lead  owes  its  usefulness  in  the  metallic  state  chiefly  to  its  soft- 
ness and  fusibility.  The  former  quality  allows  it  to  be  easily  rolled  into 
thin  sheets,  and  to  be  drawn  into  the  form  of  tubes  or  pipes  ;  it  is  indeed 
the  softest  of  the  metals  in  common  use,  and,  at  the  same  time,  tlie  least 
tenacious,  so  that  it  can  only  be  drawn  with  difficidty  into  tliiu  wire,  and 
is  then  very  easily  broken.  The  ease  with  which  it  makes  a  dark  streak 
upon  paper  shows  how  readily  minute  particles  of  the  metal  may  be 
abraded. 

In  fusibility  it  surpasses  all  the  other  metals  commonly  employed  in 
the  metallic  state,  except  tin,  for  it  melts  at  617°  F.,  and  this  circum- 
stance, taken  in  conjunction  with  its  high  specific  gravity  (11 '4),  parti- 
cularly adapts  it  for  the  manufacture  of  shot  and  bullets.  For  one  of  its 
extensive  uses,  however,  as  a  covering  for  roofs,  it  would  be  better  suited 
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if  it  Avere  lighter  and  less  fusible,  for  in  case  of  fire  in  houses  so  roofed, 
the  fall  of  the  molten  lead  frequently  aggravates  the  calamity. 

With  the  exception,  perhaps,  of  the  ores  of  iron,  none  is  more  abundant 
in  this  country  than  the  chief  ore  of  lead,  galena,  a  sulphide  of  lead 
(PbS).  This  ore  might  at  the  first  glance  be  mistaken  for  the  metal 
itself,  from  its  high  specific  gravity  and  metallic  lustre.  It  is  fomid 
formmg  extensive  veins  m.  Cumberland,  Derbyshire,  and  Cornwall, 
traversing  a  limestone  rock  in  the  two  first  counties,  and  a  clay  slate  in 
the  last.    Spain  also  furnishes  large  supplies  of  this  important  ore. 

Galena  presents  a  beautiful  crystalliae  appearance,  being  often  found 
in  large  isolated  cubes,  wliich  readily  cleave  or  split  up  in  directions 
parallel  to  their  faces.  Blende  (sulphide  of  zinc)  and  copper  pyrites 
(sulphide  of  copper  and  iron)  are  frequently  found  in  the  same  vein  with 
galena,  and  it  is  usually  associated  with  quartz  (silica),  heavy-spar  (sul- 
phate of  baryta),  or  fluor  spar  (fluoride  of  calcium).  Considerable 
quantities  of  sulphide  of  silver  are  often  present  in  galena,  and  in  many 
specimens  the  sulphides  of  bismuth  and  antimony  are  found. 

Though  the  sulphide  is  the  most  abundant  natural  combination  of  lead, 
it  is  by  no  means  the  only  form  in  which  this  metal  is  found.  The  metal 
itself  is  occasionally  met  with,  though  in  very  small  quantity,  and  the 
carbonate  of  lead  (PbO .  CO2),  white  lead  ore,  forms  an  important  ore  in 
the  United  States  and  in  Spain.  The  sulphate  of  lead  (PbO .  SO,)  is  also 
found  in  Australia,  and  is  largely  imported  into  this  country  to  be  smelted. 

249.  The  extraction  of  lead  &om  galena  is  effected  by  taking  advantage 
of  the  circumstance,  that  when  a  combination  of  a  metal  with  oxygen  is 
raised  to  a  high  temperature  in  contact  with  a  sulphide  of  the  same  metal, 
the  oxygen  and  sulphur  xmite,  and  the  metal  is  liberated. 

The  ore  having  been  separated  by  mechanical  treatment  as  far  as 
possible  from  the  foreign  matters  associated  with  it,  is  mixed  with  a  small 
proportion  of  lime,  and  spread  over  the  hearth  of  a  reverberatory  furnace 
(fig.  242),  the  sides  of  which  are  considerably  inclined  towards  the  centre, 
so  as  to  form  a  hollow  for  the  reception  of  the  molten  lead. 

During  the  first  stage  of  the  smelting  process,  the  object  is  to  roast  the 
ore  with  free  access  of  air,  exposing  as  large  a  surface  as  possible,  on 


Fig.  242. — Furnace  for  smelting  lead-ores. 


which  account  the  heat  is  kept  below  that  at  which  galena  fuses  ]  indeed, 
during  the  first  two  hours,  no  fuel  is  thrown  into  the  gi-ate,  sufficient  heat 
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being  radiated  from  the  sides  of  the  furnace,  -which  have  become  red  hot 
during  the  smelting  of  the  previous  charge  of  ore.  The  ore  is  stirred  from 
time  to  time,  to  expose  fresli  surfaces  to  the  action  of  the  atmospheric  oxygen. 

The  effect  of  this  roasting  is  to  convert  a  portion  of  the  sulphide  of  lead 
(PbS)  into  sulphate  of  lead  (PbO .  SO3),  whilst  another  portion  loses  its  sul- 
phur, which  is  evolved  as  sulphurous  acid  (SOj),  and  acquires  oxygen  in  its 
stead,  becoming  converted  into  oxide  of  lead  (PbO).  A  large  proportion  of  the 
galena,  however,  remains  unoxidised.  When  the  roasting  is  sufficiently 
advanced,  some  fuel  is  thrown  into  the  grate,  some  rich  slags  from  previous 
smeltings  are  thrown  on  to  the  hearth,  the  damper  is  shghtly  raised,  and 
the  doors  of  the  fiurnace  are  closed,  so  that  the  charge  may  be  heated  to 
the  temperature  at  which  the  oxide  and  sulphate  of  lead  act  upon  the 
unaltered  sulphide,  furnishiug  metalhc  lead,  whilst  the  sulphur  is  ex- 
pelled iu  the  form  of  sulphurous  acid. 

Thus,  PbS  +  2PbO  =  Vh,  +  SO,,  and 

PbO.SOg  +  PbS     =  Pb,  +  2S0,. 

During  tliis  part  of  the  operation,  the  contents  of  the  hearth  are  con- 
stantly raked  up  towards  the  fire-bridge,  so  as  to  facilitate  the  separa- 
tion of  the  lead,  and  to  cause  it  to  run  down  into  the  hollow  provided  for 
its  reception.  It  is  also  found  that  the  separation  of  the  lead  from  the 
slags  is  much  assisted  by  occasionally  throwing  open  the  doors  to  chill  the 
furnace.  After  about  four  hours,  the  charge  is  reduced  to  a  pretty  fluid 
condition,  the  lead  having  accumulated  at  the  bottom  of  the  depressed 
portion  of  the  hearth  with  the  slag  above  it ;  this  slag  consists  chiefly  of 
the  silicates  of  lime  and  oxide  of  lead,  and  would  have  contaiaed  a  larger 
proportion  of  the  latter,  if  the  lime  had  not  been  added  as  a  flux  at  the 
commencement  of  the  operation.  In  order  still  further  ^to  reduce  the 
quantity  of  lead  in  the  slag,  a  few  more  shovelfuls  of  lime  are  now  thrown 
into  the  hearth,  together  with  a  little  small  coal,  the  latter  ser\Tng  to 
reduce  to  the  metallic  state  the  oxide  of  lead  displaced  by  the  Hme  from  its 
combination  with  the  silicic  acid. 

But  since  silicate  of  lime  is  far  less  fusible  than  silicate  of  oxide  of  lead, 
the  effect  of  this  addition  of  lime  is  to  "  dry  up  "  the  slags  to  a  semi-soKd 
mass,  and  it  will  now  be  seen  that  if  the  whole  of  the  lime  had  been  added 
at  the  commencement  of  the  smelting,  the  diminished  fusibility  of  the  slag 
would  have  opposed  an  obstacle  to  the  separation  of  the  metallic  lead. 

During  the  last  hour  or  so,  the  temperature  is  very  considerably  raised, 
and  at  the  expiration  of  about  six  hours,  when  the  greater  portion  of  the 
lead  is  thought  to  have  separated,  the  slag  is  raked  out  through  one  of  the 
doors  of  the  furnace,  and  the  melted  metal  allowed  to  run  out  tlirough  a 
tap-hole  in  front  of  the  lowest  portion  of  the  hearth,  into  an  iron  basin, 
from  which  it  is  ladled  into  pig-moulds. 

The  rich  slags,  together  Avith  the  layer  of  subsulpliide  of  lead  (Pb^S) 
which  forms  over  the  surface  of  the  metal,  are  worked  up  again  with  a 
fresh  charge  of  ore. 

In  the  smelting  of  galena  a  very  considerable  quantity  of  lead  is  carried 
off  in  the  form  of  vapour ;  and  in  order  to  condense  this,  the  gases  from 
the  furnace  are  made  to  pass  through  flues,  the  aggregate  length  of  which 
is  sometimes  three  or  fom-  miles,  before  being  allowed  to  escape  up  the 
chimney.  When  these  flues  are  swept,  many  tons  of  lead  are  recovered 
in  the  forms  of  oxide  and  sulphide. 

In  the  north  of  England,  the  smelting  of  lead  ores  is  now  generally  con- 
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ducted  in  an  economico-furnace  (fig.  243), 
in  the  reverberatory  furnace  described 
above.  Air  is  supplied  to  the  furnace 
through  three  blast-pipes  (A),  and  the 
lead-ore  and  fuel  being  charged  in  at  B, 
the  lead  runs  into  a  cavity  (C)  at  the 
bottom  of  the  furnace,  whilst  the  slag 
flows  over  into  a  reservou-  (D)  outside 
the  fui-nace.  The  charge  is  sprinlded 
with  water  through  the  rose  (E)  fixed 
just  above  the  opening  into  the  chim- 
ney (F),  to  prevent  it  from  being  blown 
away  by  the  current  of  air. 

250.  Some  varieties  of  lead,  particu- 
larly those  smelted  from  Spanish  ores, 
are  known  as  hard  lead,  their  hardness 
being  chiefly  due  to  the  presence  of 
antimony,*  and  since  this  hardness  in- 
terferes materially  with  some  of  the 
uses  of  the  metal,  such  lead  is  generally 
subjected  to  an  im^jroving  or  ccdcining 
process,  in  which  the  impurities  are 
oxidised  and  removed,  together  with 
a  portion  of  the  lead,  in  the  dross.  To 
efiect  this,  six  or  eight  tons  of  the  hard 
(P,  fig.  244),  and  trans- 
ferred to  a  shallow  cast- 
iron  pan  (C)  measuring 
about  ten  feet  by  five. 
In  this  pan,  which  is  set 
in  the  hearth  of  a  rever- 
beratory furnace,  and  is 
about  eight  inches  deep 
nearest  the  grate,  and 
nine  inches  at  the  other 
end,  the  lead  is  kept  in 
fusion  by  the  flame  which 
traverses  it  from  the  grate 
G  to  the  flue  F,  for  a 
period  varying  with  the 
degree  of  impurity,  some 
specimens  being  found 
sufficiently  soft  after  a 
single  day's  calcination. 


or  small  blast-furnace,  instead  of 


Fig.  243. 

lead  are  fused  in  an  iron  pot 


Fig.  214. 


*  The  following  analyses  illustrate  the  composition  of  hard  lead  : 


English. 

.Sjinnisli. 

99-27 

95-81 

Antimony,  .... 

0-.57 

3'66 

Copper,  .... 

0-12 

0-32 

0-04 

0-21 

100.00 

100-00 
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whUst  others  must  be  kept  in  a  state  of  fusion  for  tlu'ee  or  four  weeks. 
The  workman  judges  of  the  progress  of  the  operation  by  a  pecuUar  flaky 
crystallme  appearance  assumed  by  a  smaU  sample  on  cooUng.  When 
sufaciently  purified,  the  metal  is  run  oif  and  cast  into  pigs. 

At  fii-st  sight,  it  is  not  intelligible  hoAv  antimony  should  be  removed 
from  lead  by  calcination,  since  lead  is  the  more  easily  oxidised  metal. 
The  result  must  be  ascribed  to  the  tendency  of  antimony  to  form  antimonic 
acid  (SbO  )  which  combines  with  the  oxide  of  lead.  The  dross  (antimoniate 
of  lead)  formed  in  this  process,  when  reduced  to  the  metallic  state,  yields 
an  aUoy  of  lead  with  30  or  40  per  cent,  of  antimony,  which  is  much  used 
for  casting  type-furniture  for  printers. 

251.  Extraction  of  silver  from  lead.— The  lead  extracted  from  galena 
often  contains  a  sufficient  quantity  of  silver  to  allow  of  its  being  profitably 
extracted.  Previously  to  the  year  1829  this  Avas  practicable  only  when 
the  lead  contained  more  than  11  oz.  of  silver  per  ton,  for  the  only  process 
then  known  for  effecting  the  separation  of  the  two  metals,  was  that  of 
cupellation,  which  necessitates  the  conversion  of  the  whole  of  the  lead  mto 
oxide,  which  has  then  to  be  separated  from  the  silver  and  again  reduced 
to  the  metallic  state,  thus  consuming  so  large  an  amount  of  labour,  that  a 
considerable  yield  of  silver  must  be  obtained  to  pay  for  it.  ^ 

By  the  simple  and  ingenious  operation  known  as  Fattinson's  clesilverisinr/ 
•process,  a  very  large  amount  of  the  lead  can  be  at  once  separated  in  the 
metallic  state  with  little  expenditure  of  labour,  thus  leaving  the  remainder 


Fig.  245.— Pattmson's  desilverising  process. 


sufficiently  rich  in  the  more  precious  metal  to  defray  the  cost  of  the  far 
more  expensive  process  of  cupellation,  so  that  3  or  4  oz.  of  silver  per  ton 
can  be  extracted  with  profit.    Pattinson  founded  his  process  upon  the 
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observation  that  when  lead  containing  a  small  proportion  of  silver  is 
melted  and  allowed  to  cool,  being  constantly  stirred,  a  considerable  quantity 
of  the  lead  separates  in  the  form  of  crystals  containing  a  very  minute  -pro- 
portion  of  silver,  almost  the  whole  of  this  metal  being  left  behind  in  the 
portion  still  remaining  liquid. 

Eight  or  ten  cast-iron  pots,  set  in  brickwork,  each  capable  of  holding 
about  6  tons  of  lead,  are  placed  in  a  row,  with  a  fire-place  underneath  each 
of  them  (fig.  245).  Suppose  that  there  are  ten  pots  ntimbered  consecutively, 
that  on  the  extreme  left  of  the  workman  being  No.  1,  and  that  on  his 
extreme  right  No.  10.  About  6  tons  of  the  lead  containing  silver  are 
melted  in  pot  No.  5,  the  metal  skimmed,  and  the  fire  raked  out  from 
beneath  so  that  the  pot  may  gradually  cool,  its  liquid  contents  being  con- 
stantly agitated  with  a  long  iron  stm-er.  As  the  crystals  of  lead  form, 
they  are  well  di-ained  in  a  perforated  ladle  (about  10  inches  wide  and  5 
inches  deep)  and  transferred  to  pot  No.  4.  When  about  f  ths  of  the 
metal  have  thus  been  removed  in  the  crystals,  the  portion  still  remaining 
liqiiid,  which  retains  the  silver,  is  ladled  into  pot  No.  6,  and  the  pot  No. 
5,  wliich  is  now  empty,  is  charged  with  fresh  argentiferous  lead  to  be 
treated  in  the  same  manner. 

"When  pots  Nos.  4  and  6  have  received,  respectively,  a  sufficient  quantity 
of  the  crystals  of  lead  and  of  the  liquid  part  rich  in  silver,  their  contents 
are  subjected  to  a  perfectly  similar  process,  the  crystals  of  lead  being 
always  passed  to  the  left,  and  the  rich  argentiferous  alloy  to  the  right. 
As  the  final  result  of  these  operations,  the  pot  No.  10,  to  the  extreme 
right,  becomes  filled  with  a  rich  alloy  of  lead  and  silver,  sometimes  con- 
taining 300  ounces  of  silver  to  the  ton,  whilst  pot  No.  1,  to  the  extreme 
left,  contains  lead  in  which  there 
is  not  more  than  ^  ounce  of  silver 
to  the  ton.  Tliis  lead  is  cast  into 
pigs  for  the  market.  The  ladle 
used  in  the  above  operation  is 
kept  hot  by  a  small  temi^er  pot 
containing  melted  lead.  A  ful- 
crum is  provided  at  the  edge  of 
each  pot,  for  resting  the  ladle 
during  the  shaking  of  the  crystals 
to  drain  off  the  liquid  metal. 
Any  copper  present  in  the  lead  is 
also  left  with  the  silver  in  the 
liquid  portion. 

252.  In  order  to  extract  the 
silver  from  the  rich  alloy,  it  is 
subjected  to  a  process  of  refining, 
or  cupdlation,  which  is  founded 
upon  the  oxidation  suffered  by 
lead  when  heated  in  air,  and  upon 
the  absence  of  any  tendency  on 
the  part  of  silver  to  combine 
directly  with  oxygen. 

The  refinery,  or  cupelling  fur- 
nace (fig.  246),  in  Avhicli  this 

operation  is  performed,  is  a  reverberatory  furnace,  the  hearth  of  which 


Pig.  246.— Cupellation  furnace. 
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sists  of  a  cmjeZ  (C),  made  byramming  moist  powdered  bone  ashes  mixed  with 
a  little  wood-ash  into  an  oval  iron  frame  about  4  inches  deep,  and  provided 
with  four  cross-bars  at  the  bottom,  each  about  4  inches  wide.  When  this 
frame  has  been  well  filled  with  bone  ash,  part  of  it  is  scooped  out  so  as 
to  leave  the  sides  about  two  inches  thick  at  the  top,  and  three  inches  at 
the  bottom,  the  bone-ash  being  left  about  one  inch  thick  above  the  iron 

'^^^The^cupel,  wliich  is  about  4  feet  long  by  21  feet  wide,  is  fixed  so  that 
the  flame  from  the  grate  (G)  passes  across  it  into  the  chimney  (B),  and  at 
one  end  the  nozzle  (N)  of  a  blowing  apparatus  dii-ects  a  blast  of  air  over  the 
surface  'of  the  contents  of  the  cupel.  The  latter  is  carefully  dried  by  a 
gradually  increasing  heat,  and  is  then  heated  to  redness;  the  alloy  of 
lead  and  silver,  having  been  previously  melted  in  an  iron  pot  (P)  fixed 
by  the  side  of  the  furnace,  is  ladled  in  through  a  gutter  until  the  cupel  is 
nearly  filled  with  it ;  a  film  of  oxide  soon  makes  its  appearance  upon 
the  surface  of  the  lead,  and  is  fused  by  the  high  temperature.  When 
the  blast  is  directed  upon  the  surface,  it  blows  off  this  fihn  of  oxide,  and 
supplies  the  oxygen  for  the  formation  of  another  film  upon  the  clean 
metallic  surface  thus  exposed.  A  part  of  the  oxide  of  lead  or  htharge 
thus  formed  is  at  first  absorbed  by  the  porous  material  of  the  cupel,  but 
the  chief  part  of  it  is  forced  by  the  blast  through  a  channel  cut  for  the 
purpose  in  the  opposite  end  to  that  at  which  the  blast  enters,  and  is  re- 
ceived, as  it  issues  from  A,  in  an  iron  vessel  placed  beneath  the  furnace. 

In  proportion  as  the  lead  is  in  this  manner  removed  from  the  cupel, 
fresh  portions  are  supplied  from  the  adjoining  melting-pot,  and  the  pro- 
cess is  continued  until  about  5  tons  of  the  alloy  have  been  added. 

The  cupellation  is  not  continued  until  the  whole  of  the  lead  has  been 
removed,  but  until  only  2  or  3  cwts.  of  that  metal  are  left  in  combination 
with  the  whole  of  the  silver  (say  1000  ounces)  contained  in  the  5  tons  of 
alloy.  The  metal  is  run  out  tlirough  a  hole  made  in  the  bottom  of  the 
cupel,  which  is  then  again  stopped  up  so  that  a  fresh  charge  may  be  in- 
troduced. 

The  fumes  of  oxide  of  lead  which  are  freely  evolved  durmg  this  pro- 
cess are  carried  off  by  a  hood  and  chimney  (H)  situated  opposite  to  the 

blast  of  air.  •  u  j? 

When  three  or  four  charges  have  been  cupelled,  so  as  to  yield  from 
3000  to  5000  ounces  of  silver,  aUoyed  Avith  6  or  8  cwts.  of  lead,  the  removal 
of  the  latter  metal  is  completed  in  another  cupel,  since  some  of  the  silver 
is  carried  off  with  the  last  portions  of  litharge. 

The  appearances  indicating  the  removal  of  the  last  portion  of  lead  are 
very  striking ;  the  surface  of  the  molten  metal,  Avhich  has  been  hitherto 
tarnished,  becomes  iridescent  as  the  film  of  oxide  of  lead  thins  off,  and 
afterwards  resplendently  bright,  and  when  the  cake  of  refined  silver  is 
allowed  to  cool,  it  throws  up  from  its  surface  a  variety  of  fantastic  arbores- 
cent excrescences,  caused  by  the  escape  of  oxygen  which  has  been  mechan- 
cally  absorbed  by  the  fused  sUver,  and  is  given  off  during  solidification. 

The  htharge  obtained  from  the  cupelling  furnaces  is  reduced  to  the 
metaUic  state  by  mixing  it  with  small  coal,  and  heating  it  m  a  furnace 
similar  to  that  employed  in  smelting  galena. 

253.  On  tlio  small  scale,  lead  may  easily  be  extracted  from  galena  by  mixing  300 
grains  with  450  grains  of  dried  carbonate  of  soda  and  20  grains  of  charcoal,  intro- 
ducing the  mixture  into  a  crucible,  and  placing  in  it  two  tenpenny  nails,  heads  clown- 
wards.    The  crucible  is  covered  and  heated  in  a  moderate  fire  for  about  lialt  an  Hour. 
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(A  charcoal  fire  in  the  small  furnace,  fig.  117,  p.  107,  will  sufiSce.)  The  remainder 
of  the  nails  is  carefully  removed  from  the  liquid  mass,  whicli  is  then  allowed  to  cool, 
tlie  crucible  broken,  and  the  lead  extracted  and  weighed.  To  ascertain  if  it  contains 
silver,  the  button  is  placed  in  a  small  bone-ash  cupel  (fig.  247),  heated  in  a  muffle 
(fig.  248)  until  the  whole  of  the  lead  is  oxidised,  and 
absorbed  by  the  bone-ash  of  the  cupel,  leaving  the 
minute  globule  of  silver. 

Small  globules  of  lead  may  be  conveniently  cupelled 
on  charcoal  before  the  blowpipe,  by  pressing  some  bone- 
asli  into  a  cavity  scooped  in  the  charcoal,  placing  the 
lead  upon  its  surface,  and  exposing  it  to  a  good  oxidising 
flame  (p.  98)  as  long  as  it  decreases  in  size.    If  any  copper  be  present,  the  bone- 
ash  will  show- a  green  stain  after  cooling.    Pure  lead  gives  a  yeUow  stain.    In  the 
above  process  the  sulphur  of  the  galena  is  removed, 
partly  by  the  sodium  of  the  carbonate,  and  partly 
by  the  iron  of  the  nails,  the  excess  of  carbonate  of 
soda  serving  to  flux  any  silica  with  which  the 
galena  may  be  mixed. 

254.  Uses  of  lead.—The  employment  of 
this  metal  for  roofing,  &c.,  has  been  already 
noticed.  Its  fusibility  adapts  it  for  casting 
type  for  printing,  but  it  would  be  far  too  soft 
for  this  pm-pose;  accordingly,  type-metal  con- 
sists of  an  alloy  of  4  parts  of  lead  witli  1  of 
antimony.  A  similar  alloy  is  used  for  the 
bullets  contained  in  shrapnel  shells,  since 
biillets  of  soft  lead  Avould  be  liable  to  be 
jammed  together,  and  would  not  scatter  so 
well  on  the  explosion  of  the  shell.  On  the 
other  hand,  rifle-bullets  are  made  of  very  pure 
soft  lead,  in  order  that  they  may  more  easily 
take  the  grooves  of  the  rifle. 

S7nan  shot  are  made  of  lead  to  which  about 
40  lbs.  of  arsenic  per  ton  has  been  added, 
rhe  arsenic  dissolves  in  the  lead,  hardening 
It  and  causing  it  to  form  spherical  drops  F i„  248 

when  chilled.    The  fluid  metal  is  poured 

through  a  sort  of  colander  fixed  at  the  top  of  a  lofty  tower  (or  at  the  mouth 
ot  a  deserted  coal-shaft),  and  the  minute  drops  into  which  it  is  thus  divided 
are  allowed  to  fall  into  a  vessel  of  water,  after  having  been  chilled  by  the 
au-  m  their  descent.  They  are  afterwards  sorted,  and  polished  in  revolving 
barrels  contaming  plumbago.  If  too  little  arsenic  is  employed,  the  shot 
are  elongated  or  pyriform;  and  if  the  due  proportion  has  been  exceeded, 
their  form  is  flattened  or  lenticiUar. 

Common  solder  is  an  alloy  of  equal  weights  of  lead  and  tin,  wliich  is 
more  fusible  than  either  metal  separately.  Other  alloys  containing  lead 
Will  be  noticed  in  their  proper  places. 

Leaden  vessels  are  much  used  in  manufacturing  chemistry,  on  account 
of  the  resistance  of  this  metal  to  the  action  of  acids.  Neither  concen- 
trated sulphuric,  hydrochloric,  nitric,  or  hydrofluoric  acid,  will  act  upon 
lead  at  the  ordinary  temperature.  The  best  solvent  for  the  inetal  is  nitric 
acid  of  sp.  gr.  1-2,  since  the  nitrate  of  lead,  being  insoluble  in  an  acid  of 
greater  strength,  would  be  deposited  upon  the  metal,  which  it  would  nrn 
tect  from  further  action. 

.iJt^'ll''  T'^^  corroded  in  situations  where  it  is  brought  in  contact  with 
air  higlily  charged  with  carbonic  acid,  when  it  absorbs  oxygen,  formin.- 
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oxide  of  lead,  which  combines  with  carbonic  acid  and  water  to  produce  the 
basic  carbonate  of  lead  (PbO .  CO,,  PbO  .  HO).  The  lead  of  old  coffins 
is  often  found  converted  into  a  white  earthy-looking  brittle  mass  of  basic 
carbonate,  with  a  very  tliin  film  of  metallic  lead  inside  it. 

When  lead  is  exposed  to  the  joint  action  of  air  and  the  acetic  acid  con- 
tained in  beer,  wine,  cider,  &c.,  it  becomes  converted  into  acetate  of  lead 
or  suo-ar  of  lead,  which  is  very  poisonous.  Hence  the  accidents  arismg 
fromlihe  reprehensible  practice  of  sweetening  cider  by  keeping  it  in  con- 
tact with  lead,  and  from  the  accidental  presence,  in  beer  and  vnne  bottles, 
of  shot  which  have  been  employed  in  cleaning  them.  The  action  of  water 
upon  leaden  cisterns  has  been  already  noticed.  Contact  with  air  and  sea- 
water  soon  converts  lead  into  oxide  and  chloride. 

255.  Oxides  of  lead.  —  Four  compounds  of  lead  with  oxygen  are 
Imown — 

Suboxide  of  lead,  PbjO 
Oxide  „  PbO 

Eed  oxide  „ 

Peroxide       „  ^^^2  • 

The  bright  sm-face  of  lead  soon  tarnishes  when  exposed  to  the  au-, 
becoming  coated  with  a  dark  fihn,  which  is  believed  to  consist  of  suboxide 
of  lead.  In  a  very  finely  divided  state,  lead  takes  fire  when  thrown  into 
the  air,  and  is  converted  into  oxide  of  lead. 

The  lead pyrophorus,  for  exhibiting  tlie  spontaneous  combustion  of  lead,  is  prepai-ed 
by  placing  some  tartrate  of  lead  in  a  glass  tube  closed  at  one  end  Cfig.  249),  drawing 

the  tube  out  to  a  narrow  neck  near  the  open  end,  and 
holding  it  nearly  horizontally,  whilst  the  tartrate  of  lead 
is  heated  with  a  gas  or  spirit  flame  as  long  as  any  fumes 
are  eYolved ;  the  neck  is  then  fused  with  a  blowpipe  flame 
and  drawn  off.  The  tartrate  of  lead  (2PbO .  CsH^Oio), 
when  heated,  leaves  a  mixture  of  metallic  lead  with  char- 
coal, which  prevents  it  from  fusing  into  a  compact  mass. 
This  mixture  may  be  preserved  unchanged  in  the  tube 
for  any  length  of  time ;  but  when  the  neck  is  broken  ofi" 
and  the  contents  scattered  into  the  air,  they  inflame  at 
once,  producing  thick  fumes  of  oxide  of  lead.  Tartrate 
of  lead  is  prepared  by  adding  ammonia  to  solution  of 
Fig.  249.  tartaric  acid  constantly  stirred,  until  the  precipitate  of 

bitartrate  of  ammonia  at  first  formed  is  just  redissolved, 
and  precipitating  the  liquid  with  solution  of  acetate  of  lead.  The  precipitated  tar- 
trate of  lead  is  collected  upon  a  filter,  washed  several  times,  and  dried  at  a  gentle 
heat. 

Oxide  or  iwotoxide  of  lead  is  prepared  on  a  large  scale  by  heating  lead 
in  air.  When  the  metal  is  only  moderately  heated,  the  oxide  forms  a 
yellow  powder,  which  is  known  in  commerce  as  massicot,  but  at  a  higher 
temperature  the  oxide  melts,  and  on  cooling  forms  a  brownish  scaly  mass 
■which  is  called  litharge  (Xi(9os,  sto7ie ;  apyvpos,  silver),  probably  because 
that  obtained  by  the  alchemists  would  always  furnish  a  considerable  pro- 
portion of  silver,  which  was  present  in  most  samples  of  lead  before  the 
introduction  of  Pattinson's  process.  The  litharge  of  commerce  often  has 
a  rod  colour,  caused  by  the  presence  of  some  red  oxide  of  lead.  Wlien 
heated  to  dull  redness,  litharge  assumes  a  dark  brown  colour,  and  becomes 
yellow  on  cooling.  At  a  bright  red  heat  it  fuses,  and  readily  attacks  clay 
crucibles,  forming  a  fusible  silicate  of  lead,  and  soon  perforating  the  sides. 
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When  boiled  with  distUled  water,  litharge  is  dissolved  in  small  quantity, 
yielding  a  solution  which  is  decidedly  alkaline,  and  becomes  turbid  when 
exposed  to  the  air,  absorbiug  carbonic  acid,  and  depositing  carbonate  of 
lead.  The  presence  of  a  small  quantity  of  saline  matter  in  the  water 
hinders  the  solution  of  the  oxide,  but  organic  matter,  and  especially  sugar, 
favours  it.  Two  definite  white  hydrates  of  oxide  of  lead,  HO .  2PbO  and 
HO .  3PbO,  may  be  obtained  by  precipitating  solutions  of  lead  with  the 
alkahes.  Oxide  of  lead  is  a  powerful  base,  and  has  a  strong  tendency  to 
form  basic  salts.  Hot  solutions  of  potash  and  soda  dissolve  it  readily, 
and  deposit  it  in  pink  crystals  on  cooUng. 

Litharge,  from  its  easy  combination  with  silicic  acid  at  a  high  tempera- 
tui-e,  is  much  used  in  the  manufacture  of  glass,  and  in  glazdng  earthenware. 
The  assayer  also  employs  it  as  a  flux.  A  mixture  of  litharge  with  lime 
is  sometimes  applied  to  the  hair,  which  it  dyes  of  a  purplish-black  colour, 
due  to  the  formation  of  sulphide  of  lead  from  the  sulphur  existing  in  hair. 
DMl  mastic,  used  by  builders  in  repairing  stone,  is  a  mixture  of  1  part  of 
massicot  with  10  parts  of  brickdust,  and  enough  linseed  oil  to  form  a 
paste ;  it  sets  into  a  very  hard  mass,  which  is  probably  due  partly  to  the 
formation  of  silicate  of  lead,  and  partly  to  the  drying  of  the  linseed  oil  by 
oxidation  favoured  by  the  oxide  of  lead. 

Red  lead  or  minium  is  prepared  by  heating  massicot  in  air  to  about 
600°  F.,  when  it  absorbs  oxygen,  and  becomes  converted  into  red  lead. 
The  massicot  for  this  purpose  is  prepared  by  heating  lead  in  a  reverberatoiy 
furnace  to  a  temperature  insufficient  to  ftise  the  oxide  which  is  formed, 
and  rejecting  the  first  portions,  which  contain  iron  and  other  metals  more 
easily  oxidisable  than  lead  (as  cobalt),  as  well  as  the  last,  which  contain 
copper  and  silver,  less  easily  oxidised  than  lead.  The  intermediate  pro- 
duct is  ground  to  a  fiLne  powder  and  suspended  in  water ;  the  coarser 
particles  are  thus  separated  from  the  finer,  which  are  dried,  and  heated, 
on  iron  trays  placed  in  a  reverberatory  furnace  till  the  reqiiisite  colour 
has  been  obtained.  Miniimi  is  largely  used  in  the  manufacture  of 
glass,  whence  it  is  necessary  that  it  should  be  free  from  the  oxides 
of  iron,  copper,  cobalt,  &c.,  which  would  colour  the  glass.  It  is  also  em- 
ployed as  a  common  red  mineral  colour,  and  in  the  manufacture  of  lucifer- 
matches. 

When  minium  is  treated  with  dilute  nitric  acid,  nitrate  of  lead 
(PbO .  NO5)  is  obtained  in  solution,  and  peroxide  of  lead  (PbO^)  is  left 
as  a  brown  powder,  showing  that  minium  is  probably  a  compound  of  the 
oxide  and  peroxide  of  lead.  The  minium  obtained  by  heating  massicot 
in  air  till  no  further  increase  of  weight  is  observed,  has  the  composition 
2PbO .  PbOg  or  PbjO^,  which  would  appear  to  represent  pm-e  minium ; 
commercial  minium,  however,  has  more  frequently  a  composition  con-e- 
sponding  to  3PbO .  PbO„,  but  when  this  is  treated  with  potash,  PbO  is 
dissolved  out,  and  2PbO .  PbO^  remains.  Minium  evolves  oxygen  at  a 
red  heat,  becoming  PbO,  hence  the  necessity  for  keeping  the  temperature 
below  600°  F.  during  its  preparation. 

Peroxide,  or  hinoxidc,  or  xmce  oxide  of  lead,  is  found  in  the  mineral 
kingdom  as  heavy  lead  ore,  forming  black,  lustrous,  six-sided  prisms.  It 
may  be  prepared  from  red  lead  by  boiling  it,  in  fine  powder,  with  nitric 
acid,  diluted  with  five  measures  of  water,  washing  and  drying.  The  bin- 
oxide  of  lead  fiasily  imparts  oxygen  to  other  substances ;  sulpliur,  mixed 
with  it,  may  be  ignited  by  friction,  hence  this  oxide  is  a  common  ingre- 
dient in  liififer-matcji  compositions.    Its  oxidising  property  is  freqiiently 
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turned  to  account  in  the  laboratory,  for  example,  in  absorbing  sulpliurous 
acid  from  gaseous  mixtures  by  converting  it  into  sulphate  of  lead; 
PbO^  +  SO2  =  PbO  .  SO3.  Binoxide  of  lead  is  not  dissolved  by  dilute 
acids  and  has  no  basic  properties ;  indeed,  it  is  sometimes  called  plumbic 
acid,  for  it  combines  with  potash  and  soda  when  fused  with  their  hydrates. 
Plumbate  of  potash  (KO .  PbOg .  3H0)  has  been  crystallised  from  an 
alkaline  solution,  but  is  decomposed  by  pure  water. 

256.  White  lead  or  ceruse  is  a  carbonate  of  oxide  of  lead,  or,  strictly 
speaking,  a  basic  carbonate,  a  combination  of  carbonate  of  oxide  of 
lead  (PbO .  CO.^)  with  variable  proportions  of  hydrated  oxide  of  lead 
(PbO  .  HO).  This  substance  is  a  constant  product  of  the  corrosive  action 
of  air  and  water  upon  the  metal.  Its  formation  is,  of  course,  very  much 
encouraged  by  the  presence  of  organic  matters  in  a  state  of  decay,  which 
evolve  carbonic  acid. 

White  lead  is  manufactured  on  the  large  scale  by  two  processes,  which 
depend,  however,  upon  the  same  principle;  this  may  be  stated  as  follows : — 
Avhen  oxide  of  lead  is  brought  in  contact  with  acetic  acid  (HO .  CJl^O^), 
it  displaces  the  water  from  the  latter  to  form  the  acetate  of  lead  (sugar  of 
lead,  PbO .  C^HgOg).  This  salt  is  capable  of  combining  with  twice  as 
much  oxide  of  lead  as  it  at  present  contains,  forming  the  tribasic  acetate 
of  lead  (3PbO  .  C^HjOg),  and  if  this  be  acted  upon  by  carbonic  acid,  two- 
thirds  of  the  oxide  of  lead  are  converted  into  carbonate,  whdst  the  neutral 
acetate  of  lead  (PbO  .  C.'R.fi,)  is  left. 

In  the  older  of  the  two  processes,  commonly  known  as  the  Dutch  pro- 
cess, metallic  lead,  in  the  form  of  square  gratings  cast  from  the  purest 
lead,  is  placed  over  earthen  pots  containing  a  small  quantity  of  common 
vinegar ;  a  number  of  these  pots  being  built  up  into  heaps,  together  with 
alternate  layers  of  dung  or  spent  tan,  the  heaps  are  entirely  covered  up 
with  the  same  material.  The  metal  is  thus  exposed  to  conditions  most 
favourable  to  its  oxidation,  viz.,  a  very  warm  and  moist  atmosphere  pro- 
duced by  the  fermentation  of  the  organic  matters  composmg  the  heap, 
and  the  presence  of  a  large  quantity  of  acid  vapour  generated  from  the 
acetic  acid  of  the  vinegar.  The  lead  is  therefore  soon  converted  into 
oxide,  a  portion  of  which  unites  with  tlie  acetic  acid  to  form  the  tribasic 
acetate  of  lead,  which  is  then  decomjDosed  by  the  carbonic  acid  evolved 
from  the  fermenting  dung  or  tan,  yielding  carbonate  of  lead,  which  com- 
bines with  another  portion  of  the  oxide  of  lead  and  of  water  to  form  the 
white  lead.  The  neutral  acetate  of  lead  left  after  the  removal  of  the  oxide 
of  lead  from  the  tribasic  acetate,  is  now  ready  to  take  up  an  additional 
quantity  of  the  oxide,  and  the  process  is  thus  continued  uutd,  in  the 
course  of  a  few  weeks,  the  lead  has  become  coated  with  a  A^ery  thick  crust 
of  white  lead  ;  the  heaps  are  then  destroyed,  the  crust  detached,  washed, 
to  remove  adhering  acetate  of  lead,  ground  to  a  paste  with  water,  and 
dried.    Polled  lead  is  not  so  easily  converted  as  cast  lead. 

The  newer  process  is  a  more  direct  application  of  the  same  principle, 
for  it  consists  in  boiling  acetic  acid  Avith  an  excess  of  litharge  in  order 
to  produce  the  tribasic  acetate  of  lead,  which  is  afterwards  decomposed 
by  passing  through  it  a  cim-ent  of  carbonic  acid  obtained  by  combustion 
or  fermentation,  or  even  by  exhalation  from  the  earth.  The  solution  of 
neutral  acetate  of  lead  is  then  again  boiled  with  litharge,  when  tribasic 
acetate  is  produced,  and  is  again  precipitated  by  the  carbonic  acid.  The 
precqiitated  carbonate  of  lead  always  carries  down  with  it  u  variable  pro- 
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portion  of  the  liydrated  oxide  of  lead.  This  process  is,  of  course,  much 
more  rapid  than  the  old  one,  and  dispenses  with  the  grinding  which  is  so 
injurious  to  the  workmen  ;  "but  the  white  lead  so  produced,  being  crystal- 
line, has  less  opacity  or  covering-power  {body)  than  that  obtained  by  the 
Dutch  method. 

The  usual  composition  of  wliite  lead  is  expressed  by  the  formula 
PbO  .  HO,  2(PbO  .  CO2),  though  other  basic  carbonates  of  lead  are  often 
mixed  with  it. 

White  lead  being  very  poisonous,  its  use  by  painters  and  others  is  gene- 
rally attended  with  symptoms  of  lead-poisoning,  arising  in  many  cases 
probably,  from  neglecting  to  wash  the  hands  before  eating,  the  effect  of 
lead  being  cumulative,  so  that  minute  doses  may  show  their  combined 
action  after  many  days.  Diluted  sulphuric  acid  and  solutions  of  the  sul- 
phates of  magnesia  and  the  alkalies  are  sometimes  taken  internally  to 
coimteract  its  effect,  since  the  sulphate  of  lead  is  not  poisonous. 

All  paints  containing  lead,  and  cards  glazed  with  white  lead,  are 
blackened  even  by  minute  quantities  of  sulphuretted  hydi-ogen,  from  the 
production  of  black  sulphide  of  lead.  If  the  blackened  surface  remain 
exposed  to  the  light  and  air,  it  is  bleached  again,  the  sulphide  of  lead 
(PbS)  being  oxidised  and  converted  into  white  sulphate  of  lead 
(PbO  .  SO3),  but  this  does  not  take  place  in  the  dark.  A  little  sulphide 
of  lead  or  powdered  charcoal  is  sometimes  mixed  with  commercial  white 
lead  to  give  it  a  bluish  tint. 

The  pure  carbonate  of  lead  is  found  in  white  crystals  associated  with 
galena. 

Sulphate  of  lead  is  found  in  nature  in  prismatic  and  octahedral  crystals 
of  anrjlesite  or  lead-vitriol.  It  is  nearly  insoluble  in  diluted  acids, 
and  is  one  of  the  chief  forms  in  which  lead  is  precipitated  from  its 
solutions  in  analytical  operations.  The  minerals  lanarlcite  and  leadliillite 
are  compounds  of  sulphate  and  carbonate  of  lead.  The  chromates  of 
lead  have  been  already  noticed. 

Phosphate  of  lead  (3PbO .  PO5)  is  occasionally  associated  with  the  car- 
bonate in  the  ores  of  lead. 

257.  Chloride  of  lead  (PbCl)  forms  the  mineral  termed  horn-lead.  It 
is  one  of  the  few  chlorides  which  are  not  readily  soluble  in_  water,  and  is 
precipitated  when  hydrochloric  acid  or  a  soluble  chloride  is  added  to  a 
solution  of  lead.  Boiling  water  dissolves  about  ^  of  its  weight  of  chloride 
of  lead,  and  deposits  it  in  beautiful  shining  white  needles  on  cooling.  It 
fuses  easily,  and  is  converted  into  vapour  at  a  high  temperature. 

The  oxijchloride  of  lead  (PbCl.  PbO)  is  formed  when  chloride  of  lead 
is  heated  in  air.  It  is  sometimes  employed  as  a  substitute  for  white  lead 
in  painting,  being  prepared  for  this  purpose  by  decomposing  finely 
powdered  galena  with  concentrated  hydrochloric  acid  (PbS  4-  HCl  = 
PbCl  +  HS)  washing  the  resulting  chloride  of  lead  with  cold  water,  dis- 
solving it  in  hot  water,  and  adding  lime-water,  which  precipitates  the 
oxychloride — 

2PbCl    +    CaO   =   PbCl.  PbO    ^  CaCl. 

Turner's  yellow  (Paris  yellow,  patent  yellow,  mineral  yellow)  is  another 
oxychloride  of  lead  (PbCl .  7PbO),  prepared  by  heating  a  mixture  of 
litharge  and  sal-ammoniac.  It  has  a  fine  golden  yellow  colour,  is  easily 
fused,  and  crystallises  in  octahedra  on  cooling.    The  mineral  mendipile 
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is  an  oxychloride  of  lead  (PbCl .  2PbO)  which  occurs  in  colourless  pris- 
matic crystals. 

Iodide  of  lead  (Pbl)  is  obtained  as  a  bright  yellow  precipitate  on  mix- 
ing solutions  of  nitrate  or  acetate  of  lead  and  iodide  of  potassium.  If  it 
be  allowed  to  settle,  the  liquid  poured  off,  and  the  precipitate  dissolved 
in  boiling  water  (with  one  or  two  drops  of  hydrocliloric  acid),  it  forms  a 
colourless  solution,  depositing  golden  scales  as  it  cools. 

258.  Sulphides  of  lead. — The  subsulphide  (PbQS)  has  been  mentioned 
as  produced  in  smelting  galena.  Sulphide  of  lead,  or  galena,  has  been 
described  among  the  ores  of  lead.  It  is  always  obtained  as  a  black  pre- 
cipitate when  hydrosulphuric  acid  or  a  soluble  sulphide  acts  upon  a  solu- 
tion containing  lead,  even  in  minute  proportion. 

A  persulphide  of  lead,  the  composition  of  which  has  not  been  ascer- 
tained, is  formed  as  a  red  precipitate  when  a  solution  of  lead  is  mixed 
with  a  solution  of  an  alkaline  sulphide  saturated  with  sulphur  (or  with 
solution  of  hydrosulphate  of  ammonia  which  has  been  kept  tUl  it  has 
acquired  a  red  colour). 

Ghlorosulphide  of  lead  (3PbS  .  2PbCl)  is  obtained  as  a  bright  red  pre- 
cipitate when  hydrosulphuric  acid  is  added  in  small  quantity  to  a  solution 
of  chloride  of  lead  in  hydrocliloric  acid. 

Selenide  of  lead  (PbSe)  occurs  associated  with  the  sulphide  in  some 
lead  ores ;  it  much  resembles  galena,  and  has  the  same  crystalline  foi-m. 

259.  Equivalent  and  atomic  iveights  of  lead. — The  analysis  of  the  olide 
and  chloride  of  lead  has  shown  that  8  parts  by  weight  (1  eq.)  of  oxygen 
and  35'5  parts  (1  eq.)  of  chlorine,  are  resj)ectively  combined  with  103'5 
parts  of  lead;  the  equivalent  of  lead,  therefore,  is  103'5.  The  specific 
heat  of  lead,  and  its  isomorphism  with  other  diatomic  metals,  show  its 
aromic  weight  to  be  twice  its  equivalent  weight,  or  207.  The  atomic 
formulce  of  some  of  its  chief  compounds  would  be — Litharge  p-b0,  minium 
2PbO .  ¥h%  peroxide  of  lead  Pbe^,  galena  P-b&,  chloride  of  lead  PbClg. 

260.  Thallium, — The  discovery  of  tliia  metal  in  1861  was  one  of  the  first  results 
of  the  application  of  the  new  method  of  testing  by  observation  of  coloured  lines  in 
the  spectrum  of  a  flame,  described  at  p.  273.  Crookes  was  examining  the  spectrum 
obtained  by  holding  in  the  flame  of  a  Bunsen  burner  the  deposit  formed  in  the 
flues  of  a  sulphuric  acid  chamber,  in  which  pyrites  was  employed  as  the  source  of 
sulphur.  A  green  line  made  its  appearance  in  the  spectrum,  which  a  less  acute  and 
practised  observer  might  have  mistaken  for  one  of  the  lines  caused  by  barium 
{see  fig.  221),  with  which  it  nearly  coincides  in  position ;  but  the  line  was  much 
brighter  than  that  produced  by  barium,  and  on  instituting  a  searching  analysis  of 
the  deposit,  a  metal  was  obtained  which  did  not  agree  in  properties  with  any  hitherto 
described,  and  was  named  thallium,  from  ^xxxog,  a  young  shoot,  in  allusion  to  the 
vernal  green  colour  of  its  spectrum  line.  It  has  since  been  detected  in  several 
mineral  waters;  but  the  pyrites  obtained  from  Spain  and  Belgium  appear  to  be  its 
best  source.  From  the  flue-dust  of  tlie  sulphuric  acid  chambers,  the  metal  is  extracted 
by  a  simple  process,  but  large  quantities  must  be  operated  on  to  obtain  any  consider- 
able amount.  The  deposit  is  treated  with  boiling  water,  and  the  solution  mixed 
with  much  strong  hydrochloric  acid,  which  precipitates  the  thallium  as  chloride ; 
this  is  converted  into  acid  sulphate  of  thallium  by  treatment  with  sulphuric  acid, 
and  this  salt  having  been  purified  by  rocrystallisation,  is  decomposed  by  zinc,  which 
precipitates  metallic  thallium  in  a  spongy  form,  fusible  into  a  compact  mass  in  an 
atmosphere  of  coal-gas. 

In  external  characters  thallium  is  very  similar  to  lead ;  but  it  tarnishes  much 
more  rapidly  wlieu  exposed  to  air,  and  tlie  streak  wliich  it  makes  on  paper  soon  be- 
comes yellowish,  being  converted  into  oxide  of  thallium.  If  a  tarnished  piece  of  the 
metal  be  allowed  to  touch  the  tongue,  a  strongly  alkaline  taste  is  perceived,  for  the 
oxide  of  thallium  or  lhallous  oxide  (I'lO)  is  verv' soluble  in  water,  so  tlial  tlie  tarnislied 
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metal  becomes  bright  when  irauiersecl  in  water.  •  Tlio  ready  sohibility  of  the  oxide 
seemed  to  require  thallium  to  be  classed  among  the  alktili-metals,  a  view  which  was 
encouraged  by  the  circumstance  that  its  specific  heat  proved  it  to  be  monatomic  like 
potassium  and  sodium.  But  thallium  appears  to  be  more  nearly  related  to  another 
monatomic  metal,  silver,  by  Jhe  sparing  solubility  of  its  chloride  and  the  insolubility 
of  its  sulphide.  The  circumstance  that  it  may  be  kept  unaltered  in  water,  and  may 
be  precipitated  from  its  salts  by  zinc,  at  once  removes  it  from  the  group  of  alkali- 
metals.  The  ready  solubility  of  its  oxide  in  water  is  only  an  exaggeration  of  thw 
behaviour  of  the  oxides  of  lead  and  silver,  both  of  which  dissolve  slightly  in  water, 
yielding  alkaline  solutions.  Diluted  sulphuric  acid  acts  upon  thallium  as  upon 
zinc,  evolving  hydrogen.  Thallium  burns  in  oxygen  with  a  beautiful  green  flame, 
and  the  chlorate  of  thallium  has  been  recommended  for  the  manufacture  of  green 
fires  in  place  of  chlorate  of  baryta  {see  p.  158).  The  sulphate  of  thallium,  unlike 
that  of  lead,  is  easily  soluble  in  water ;  the  carbonate  is  rather  sparingly  soluble, 
but  far  more  soluble  than  carbonate  of  lead. 

Thallic  oxide,  TIO3,  is  obtained  by  adding  hypochlorite  of  soda  to  thallous  chloride 
mixed  with  excess  of  carbonate  of  soda.  It  is  also  a  basic  oxide,  its  sulphate  having 
the  composition  TIO3  .  SSO.,  .  HO  +  6Aq. 

Salts  of  thallium,  like  those  of  lead,  are  poisonous. 

The  equivalent  and  atomic  weights  of  thallium  appear  to  be  identical,  and  are  ex- 
pressed by  the  number  204. 

SILVER. 

261.  In  silver,  we  meet  with,  the  first  metal  liitherto  considered  which 
is  not  capable  of  undergoing  oxidation  in  the  air,  under  any  circumstances, 
and  this,  in.  conjunction  with  its  beautiful  appearance,  occasions  its  mani- 
fold ornamental  uses,  which  are  much  favoured  also  by  the  great  mal- 
leability and  ductility  of  this  metal  (in  which  it  ranks  only  second  to 
gold),  for  the  former  property  enables  it  to  be  rolled  out  into  thin  plates 
or  leaves,  so  that  a  small  quantity  of  silver  suffices  to  cover  a  large  surface, 
wliilst  its  ductility  permits  the  wire-drawer  to  produce  that  extremely  thui 
silver  wire  which  is  employed  in  the  manufacture  of  silver  lace. 

Silver,  although  pretty  widely  diffused,  is  found  in  comparatively  small 
quantity,  and  hence  it  bears  a  high  value,  which  adapts  it  for  a  medium 
of  currency. 

As  might  be  expected  from  its  want  of  direct  attraction  for  oxygen, 
silver  is  found  frequently  in  the  metalhc  or  native  state,  crystallised  in 
cubes  or  octahedra,  which  are  sometunes  aggregated  together,  as  in  the 
sdver-mines  of  Potosi,  into  arborescent  or  dendritic  forms.  Silver  is  more 
frequently  met  with,  however,  in  combination  with  sulphur,  forming  the 
sulphide  of  silver  (AgS),  which  is  generally  associated  with  large  quantities 
of  the  sulphides  of  lead,  antimony,  and  iron.  The  largest  supphes  of  silver 
are  obtained  from  the  Mexican  and  Peruvian  mines,  bvit  the  quantity 
furnished  by  Saxony  and  Hungary  is  by  no  means  insignificant. 

The  process  by  which  silver  is  extracted  from  galena  has  been  already 
described  under  the  history  of  lead. 

The  ores  of  copper  (particularly  the  grey  copper-ore)  often  contain  so 
much  silver  as  to  be  worth  working  for  that  metal,  in  which  case  they 
are  smelted  in  the  usual  way,  when  the  copper  obtamed  is  found  to  con- 
tain the  whole  of  the  silver  present  in  the  ore.  This  silver  is  separated 
from  the  copper  by  taking  advantage  of  the  facility  with  which  the 
former  metal  is  dissolved  by  melted  lead.  The  process  of  liquation,  as 
it  is  termed,  consists  in  fusing  the  argentiferous  copper  with  about  thrice 
its  weight  of  lead,  and  casting  the  alloy  thus  obtained  into  cakes  or  disks, 
which  arc  afterward.s  givadually  heated  upon  a  hearth  (fig.  250),  so  con- 
trived that  the  lead,  which  melts  much  nioi'e  easily  than  the  copper,  mwx 
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ilow  off  ill  the  liquid  state,  carrying  with  it,  in  the  form  of  an  alloy,  the 
silver  which  was  associated  with  the  copi^er,  leaving  this  last  metal  in 
porous  masses,  having  the  form  of  the 
original  disks,  upon  the  hearth.  The 
lead  and  silver  are  separated  by  the 
process  of  cupellation  (p.  353). 

When  the  extraction  of  the  silver 
is  the  main  object  with  which  a  par- 
ticular ore  is  treated,  the  process  of 
amalgamation  is  adopted,  in  which 
the  silver  is  dissolved  out  by  means 
of  mercury.  At  Freiberg,  the  silver 
is  extracted  by  this  method  from  an 
ore  which  contains  sulphide  of  silver 
together  Avith  much  iron  pyrites  and 
other  metallic  sulphides.  The  ore  is 
mixed  with  a  smaU  proportion  of  common  salt,  and  roasted  in  a  rever- 
beratory  furnace,  when  the  sulphide  of  silver  is  converted  into  chloride  of 
silver.  It  is  then  ground  to  a  very  fine  powder,  Avhich  is  agitated,  in  re- 
volving casks,  with  water  and  metallic  iron,  when  the  latter  appropriates 
the  chlorine  and  reduces  the  silver  to  the  metallic  state.  A  quantity  of 
mercury  is  then  introduced  into  the  casks,  and  the  revolution  continued 
for  several  hours ;  the  mercury  dissolves  the  silver,  copper,  and  lead,  and 
is  run  out  of  the  barrels  into  stout  linen  strainers,  which  allow  the  excess 
of  fluid  mercury  to  pass  through,  but  retain  the  soft  solid  amalgam  con- 
taining the  sdver.  In  order  to  recover  the  silver,  this  amalgam  is  placed 
in  ii'on  trays  arranged  one  above  the  other  (fig.  251),  and  covered  ■with  an 
iron  bell-shaped  receiver  standing  over  water. 
By  heaping  burning  fuel  round  the  upper  part 
of  this  dome,  its  temperature  is  raised  suffi- 
ciently to  convert  the  mercury  into  vapour, 
which  condenses  again  in  the  water,  leaving 
the  silver,  together  with  the  copper  and  lead, 
upon  the  iron  trays.  Finally,  the  silver  is  re- 
fined by  fusing  it  with  an  additional  quantity 
of  lead  and  subjecting  the  alloy  to  cupellation 
(p.  353),  when  the  fused  oxide  of  lead  wMch 
is  formed  carries  with  it  the  copper,  also  in  the 
form  of  oxide,  leaving  the  silver  in  a  state  of 
purity. 

Various  methods  have  been  debased  to 
supersede  the  amalgamation  process.  For 
example,  the  ores  have  been  roasted  Avitli  com- 
mon salt  to  convert  the  silver  into  chloride,  which  is  dissolved  out  of  the 
mass  by  means  of  a  strong  solution  of  common  salt,  from  which  the  silver 
is  afterwards  precipitated  in  the  metallic  state  by  copper.  Hyjiosidphite 
of  soda  has  also  been  employed  to  dissolve  out  the  chloride  of  silver,  and 
the  solution  precipitated  by  sulphide  of  sodium,  the  resulting  sulpliide  of 
silver  being  roasted  to  remove  the  siUphur  and  leave  metallic  silver. 

Altliough  silver  is  capable  of  resisting  the  oxidising  action  of  the  atmo- 
sphere, it  is  liable  to  considerable  loss  by  Avear  and  tear  in  consequence  of 
its  softness,  and  is  therefore  always  hardened,  for  useful  purposes,  by  the 
addition  of  a  small  proportion  of  copper.    The  standard  silver  employed 


Fig.  250.— Liquation  hearth. 
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for  coinage  and  for  most  articles  of  silver  plate,  in  this  country,  contains, 
in  1000  parts,  925  of  silver  and  75  of  copper,  whilst  that  used  in  Trance 
contains  900  of  silver  and  100  of  copper. 

Standard  silver,  for  coining  and  other  pivrposes,  is  wliitened  by  being 
heated  in  air  and  immersed  in  diluted  sulphuric  acid,  which  dissolves  out 
the  oxide  of  copper,  leaving  a  superficial  film  of  nearly  pure  silver.  Dead 
or  frosted  silver  is  produced  in  this  manner.  Oxidised  silver  is  covered 
with  a  thin  film  of  sulphide  by  immersion  in  a  solution  obtained  by  boiling 
sidphiu-  with  potash. 

The  solder  employed  in  working  silver  consists  of  5  parts  of  silver,  2  of 
zinc,  and  6  of  brass. 

Plated  articles  are  manufactured  from  copper  or  one  of  its  alloys,  which 
has  been  united  by  rolling  with  a  thin  plate  of  silver,  the  adhesion  of  the 
latter  being  promoted  by  first  washing  the  surface  of  the  copper  with  a 
solution  of  nitrate  of  silver,  when  a  filiii  of  this  metal  is  deposited  upon 
its  surface,  the  copper  taking  the  place  of  the  silver  in  the  solution. 

Electro-plating  consists  in  covering  the  surface  of  baser  metals  with  a 
coating  of  silver,  by  connecting  them  with  the  negative  (or  zinc)  pole  of 
the  galvanic  battery,  and  immersing  them  in  a  solution  made  by  dissolv- 
ing cyanide  of  silver  in  cyanide  of  jjotassium  j*  the  current  gradually  de- 
composes the  cyanide  of  silver,  and  this  metal  is  of  course  (see  p.  21) 
deposited  upon  the  object  connected  with  the  negative  pole,  whilst  the 
cyanogen  liberated  at  the  positive  (copper  or  platinum)  pole  is  allowed  to 
act  upon  a  silver-plate  with  which  tliis  pole  is  connected,  so  that  the 
silvering  solution  is  always  maintained  at  the  same  strength,  the  quantity 
of  silver  dissolved  at  this  pole  being  precisely  equal  to  that  deposited  at 
the  opposite  pole. 

Brass  and  copper  are  sometimes  sUvered  by  rubbing  them  with  a  mix- 
ture of  10  parts  of  cliloride  of  silver  with  1  of  corrosive  sublimate  (chlo- 
ride of  mercury)  and  100  of  bitartrate  of  potash.  The  silver  and  mercury 
are  both  reduced  to  the  metaUic  state  by  the  baser  metal,  and  an  amalgam 
of  sUver  is  formed,  which  readily  coats  the  surface.  The  acidity  of  the 
bitartrate  of  potash  promotes  the  reduction.  The  surface  to  be  silvered 
should  always  be  cleansed  from  oxide  by  momentary  immersion  in  nitric 
acid,  and  washed  with  water.  For  dj-y  silvering,  an  amalgam  of  silver  and 
mercury  is  apphed  to  the  clean  surface,  and  the  merciuy  is  afterwards  ex- 
pelled by  heat. 

Silvering  upon  glass  is  effected  by  means  of  certain  organic  substances 
which  are  capable  of  precipitating  metallic  silver  from  its  solutions.  Look- 
ing glasses  have  been  made  by  pouring  upon  the  surface  of  plates  of  glass 
a  solution  containing  tartrate  of  silver  and  tartrate  of  ammonia.  On  heat- 
ing the  glass  plates  to  a  certain  temperature,  the  oxide  of  silver  contained 
in  the  tartrate  parts  with  its  oxygen  to  the  tartaric  acid,  and  the  metallic 
silver  is  deposited  in  a  closely  adhering  film.  Glass  globes  and  vases  are 
silvered  internally  by  a  process  which  is  exactly  similar  in  principle. 

Pure  silver  is  easily  obtained  from  standard  silver  by  dissolving  it  in 
nitric  acid,  with  the  aid  of  heat,  diluting  the  solution  with  water,  adding 
solution  of  common  salt  as  long  as  it  produces  any  fresh  precipitate  of 
chloj'ide  of  silver,  -washing  the  precipitate  by  decantation  as  long  as  the 
washings  give  a  blue  tinge  with  ammonia,  and  fusing  the  dried  precipitate 

*  A  solution  of  cyanide  of  potasHium  in  10  parts  of  water,  with  50  grains  of  clilorido 
of  ailvei-  dissolved  in  eacli  pint  of  the  liquid,  wifl  answer  the  purpose. 


364 


NITRATE  OF  SILVER. 


\vltli  an  equal  weight  of  dried  carbonate  of  soda  in  a  brisk  fire,  when  a 
button  of  silver  will  be  found  on  breaking  the  crucible — 

AgCl  +  NaO.COg  =  Ag  +  NaCl  +  0  +  COg. 

262.  Properties  of  silver. — The  brilliant  wliiteness  of  silver  distin- 
guishes it  from  all  other  metals.  It  is  lighter  than  lead,  its  specific 
gravity  being  10 '5 3;  harder  than  gold,  but  not  so  hard  as  copper;  more 
malleable  and  ductile  than  any  other  metal  except  gold,  which  it  sur- 
passes in  tenacity.  It  fuses  at  a  somewhat  lower  temperature  than  gold  or 
copper  (about  1870°  F.),  and  is  the  best  conductor  of  heat  and  electricity. 
It  is  not  oxiilised  by  dry  or  moist  air,  either  at  the  ordiuary  or  at  high 
temperatures,  but  is  oxidised  by  ozone,  and  tarnished  by  air  containing 
sulphuretted  hydrogen,  from  the  production  of  sulphide  of  sUver,  which  is 
easily  removed  by  solution  of  cyanide  of  potassium.  It  is  unaffected  by 
dilute  acids,  with  the  exception  of  nitric  ;  but  hot  concentrated  sidphuric 
acid  converts  it  into  sulphate  of  silver,  and  when  boiled  with  strong 
hydrochloric  acid,  it  dissolves  to  a  slight  extent  in  the  form  of  chloride  of 
Sliver,  wliich  is  precipitated  on  adding  water.  The  hydrates  of  potash 
and  soda  do  not  act  on  sdver  to  the  same  extent  as  on  platinum  when 
fused  with  it;  hence  silver  basins  and  crucibles  are  much  used  in  the 
laboratory. 

263.  Oxides  of  silver. — There  are  three  compounds  of  silver  with 
oxygen  :  the  suboxide,  AgjO  ;  the  oxide,  AgO  ;  and  the  peroxide,  probably 
AgOg,  which  is  not  known  in  the  pure  state.  The  oxide  alone  has  any 
practical  interest,  as  being  the  base  contained  in  the  salts  of  silver  with 
oxygen-acids. 

Oxide  of  silver  (AgO)  is  obtained  as  a  brown  precipitate  when  solution 
of  nitrate  of  sUver  is  decomposed  by  potash.  It  is  a  powerful  base, 
slightly  soluble  in  water,  to  which  it  imparts  a  weak  alkaUne  reaction.  A 
moderate  heat  decomposes  it  into  its  elements.  "When  moist  freshly  pre- 
cipitated oxide  of  silver  is  covered  with  a  strong  solution  of  ammonia,  and 
allowed  to  stand  for  some  hours,  it  becomes  black,  and  acquires  danger- 
ously explosive  properties.  The  composition  of  this  fulminating  silver  is 
not  accurately  known,  but  it  is  supposed  to  be  a  nitride  of  silver,  NAg,, 
corresponding  in  composition  to  ammonia. 

Nitrate  of  silver  (AgO .  NOj),  or  luno.r  caustic  (silver  being  distinguished 
as  luna  by  the  alchemists),  is  procured  by  dissolving  sdver  in  nitric  acid, 
with  the  aid  of  a  gentle  heat,  evaporating  the  solution  to  dryness,  and 
heating  the  residue  tdl  it  fuses,  in  order  to  expel  the  excess  of  acid.  For 
use  in  surgery,  the  fused  nitrate  is  poured  into  cylindrical  moidds,  so  as 
to  cast  it  into  thin  sticks ;  but  for  chemical  purposes  it  is  dissolved  in 
water  and  crystallised,  when  it  forms  colourless  square  tables.  The  action 
of  nitrate  of  silver  as  a  caustic  depends  upon  the  facility  with  which  it 
parts  with  oxygen,  the  silver  being  reduced  to  the  metallic  state,  and  the 
oxygen  combining  with  the  elements  of  the  organic  matter.  This  effect 
is  very  much  promoted  by  exposure  to  simHght  or  diffused  daylight.  Pure 
nitrate  of  silver  is  not  changed  by  exposure  to  light,  but  if  organic  matter 
be  present,  a  black  deposit,  containing  finely  diviiled  silver,  is  produced. 
fhuSj  the  solution  of  nitrate  of  silver  stains  the  fingers  black  Avhen  ex- 
posed to  light,  but  the  stain  maybe  removed  by  cyanide  of  potassiimi.  It 
solution  of  nitrate  of  silver  be  dropped  upon  paper,  and  exposed  to  light, 
black  stains  will  be  produced,  and  the  paper  corroded.    JVitralc  of  silver 
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is  a  frequent  constituent  of  marking  inks,  since  tlie  deposit  of  metallic 
silver  formed  on  exposure  to  light  is  not  removable  by  washing.  The 
lijien  is  sometimes  mordanted  by  applying  a  solution  of  carbonate  of  soda 
before  the  marking  ink,  when  the  insoluble  carbonate  of  silver  is  preci- 
pitated in  the  fibre,  and  is  more  easily  blackened  than  the  nitrate,  espe- 
cially if  a  hot  iron  is  appUed.  Marldng  inks  without  preparation  are 
made  with  nitrate  of  silver  containing  an  excess  of  ammonia,  wliich 
appropriates  the  nitric  acid,  and  hastens  the  blackening  on  exposure  to 
light  or  heat.  Hair  dyes  often  contain  nitrate  of  silver.  The  important 
use  of  this  salt  in  photography  has  been  noticed  already  (p.  212). 

In  order  to  prepare  nitrate  of  silver  from  standard,  silver  (containing  copper),  the 
metal  is  dissolved  in  moderately  strong  nitric  acid,  and  the  solution  evaporated  to 
dryness  in  a  porcelain  dish,  when  a  blue  residue  containing  the  nitrates  of  silver 
and  copper  is  obtained.  The  dish  is  now  moderately  heated  until  the  residue  has 
fused,  and  become  uniformly  black,  the  blue  nitrate  of  copper  being  decomposed, 
and  leaving  black  oxide  of  copper,  at  a  temperature  which  is  insuificient  to  decom- 
pose the  nitrate  of  silver.  To  ascertain  when  all  the  nitrate  of  copper  is  decom- 
posed, a  small  sample  is  removed  on  the  end  of  a  glass  rod,  dissolved  in  water, 
filtered,  and  tested  with  ammonia,  which  will  produce  a  blue  colour  if  any  nitrate 
of  copper  is  left.  The  residue  is  treated  with  hot  water,  the  solution  filtered  from 
the  oxide  of  copper,  and  evaporated  to  crystallisation. 

264.  Chloride  of  silver  (AgCl)  is  an  important  compound,  as  being 
the  form  into  which  silver  is  commonly  converted  in  extracting  it  from 
its  ores,  and  in  separating  it  from  other  metals.  It  separates  as  a  white 
curdy  precipitate,  when  solution  of  hydrochloric  acid  or  a  chloride  is 
mixed  with  a  solution  containing  silver.  The  precipitate  is  brilliantly 
white  at  first,  but  soon  becomes  violet,  and  eventually  black,  if  exposed 
to  daylight,  or  more  rapidly  in  simlight,  the  chloride  of  silver  being 
reduced  to  subchloride  (AggCl),  with  separation  of  chlorine  (see  p.  212). 
The  blackening  takes  place  more  rapidly  in  the  presence  of  an  excess  of 
nitrate  of  sliver  or  of  organic  matter,  upon  which  the  liberated  clilorine  is 
capable  of  acting.  The  chloride  of  silver  formed  by  suspending  silver 
leaf  in  a  bottle  of  chlorine  gas  is  not  blackened  by  light.  If  the  white 
chloride  of  silver  be  dried  in  the  dark,  and  heated  in  a  crucible,  it  fuses 
at  about  500°  F.  to  a  brownish  liquid,  which  sobdifies,  on  cooling,  to  a 
transparent,  nearly  colourless  mass,  much  resembling  horn  in  external 
characters  {hom  silver)  ;  a  strong  heat  converts  it  into  vapour,  but  does 
not  decompose  it.  If  fused  chloride  of  silver  be  covered  with  hydro- 
chloric acid,  and  a  piece  of  ziuc  placed  upon  it,  it  wiU  be  found  entirely 
reduced,  after  a  few  hours,  to  a  cake  of  metallic  silver ;  the  first  portion  of 
silver  havmg  been  reduced  in  contact  with  the  zinc,  and  the  remainder  by 
the  galvanic  action  set  up  by  the  contact  of  the  two  metals  beneath  the 
acid.  Ammonia  readily  dissolves  chloride  of  silver,  and  the  solution 
deposits  colourless  crystals  of  the  chloride  when  evaporated.  If  the 
ammonia  be  very  strong,  the  solution  deposits  a  crystalline  compound  of 
chloride  of  silver  with  ammonia.  The  absorption  of  ammoniacal  gas  by- 
chloride  of  silver  has  been  noticed  at  p.  116,  and  the  photographic  appli- 
cation of  the  chloride  at  p.  212. 

Recovery  of  silver  from  old  photographic  laths. — One  of  the  simplest  methods  of 
effecting  this  consists  in  mixing  the  liquid  with  solution  of  common  salt  as  long  as 
it  causes  a  fresh  precipitate  of  chloride  of  silver,  wliich  is  allowed  to  subside,  washed 
once  or  twice  by  dccantation,  mixed  with  a  little  sulphuric  acid,  a  lump  of  zinc 
(spelter)  placed  in  it,  and  left  for  a  day  or  two  to  reduce  the  silver  to  the  metallic 
state.    The  zinc  is  then  taken  out,  and  the  metallic  silver  well  washed  by  decniita- 
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tion,  till  the  washings  are  quite  tasteless.  It  may  either  be  reconverted  into  nitrate 
by  dissolving  in  nitric  acid  (p.  364),  or  fused  in  an  earthen  crucible  with  a  little 
borax. 

From  the  fixing  solutions  containing  hyposulphite  of  soda,  the  silver  cannot  be 
precipitated  by  salt,  because  the  chloride  of  silver  is  soluble  in  the  hyposulphite.  A 
piece  of  sheet  copper  left  in  this  for  a  day  or  two  will  precipitate  the  silver  at  ouce 
in  the  metallic  state. 

Subchloride  of  silver-  (-AggCl)  lias  teen  obtained  by  the  action  of  per- 
cKLoride  of  iron  upon  metallic  silver  (Ag^  +  FegClg  =  Ag^Cl  +  2FeCl). 
It  is  black  and  insoluble  in  nitric  acid.  Ammonia  decomposes  it,  dis- 
solving out  chloride  of  sUver,  and  leaving  metallic  silver. 

Broinide  of  silver  (AgBr)  is  a  rare  Chilian  mineral.  Associated  with 
chloride  of  silver,  it  forms  the  mineral  emboKte.  It  much  resembles  the 
chloride,  but  is  somewhat  less  easily  dissolved  by  ammonia. 

Iodide  of  silver  (Agl)  is  also  found  in  the  mineral  kingdom.  It  is  worthy 
of  remark  that  silver  decomposes  hydriodic  acid  much  more  easily  than 
hydrochloric  acid,  forming  iodide  of  silver,  and  evolving  hydrogen.  The 
iodide  of  silver  dissolves  in  hot  hydriodic  acid,  and  is  deposited  in  crys- 
tals on  cooling.  By  adding  nitrate  of  silver  to  iodide  of  potassium,  tlie 
iodide  of  silver  is  obtained  as  a  yellow  precipitate  which,  unlike  the 
chloride,  does  not  dissolve  in  ammonia.  Iodide  of  silver  dissolves  in  a 
boiling  saturated  solution  of  nitrate  of  silver,  and  the  solution,  on  cooling, 
deposits  crystals  having  the  composition  Agl .  AgO  .  ^0^,  which  are  far 
more  sensitive  to  the  action  of  light  than  iodide  of  sUver  itself,  a  circimi- 
stance  which  is  taken  advantage  of  by  photogi'aphers.  The  crystals  are 
decomposed  by  water,  with  separation  of  iodide  of  silver. 

Sulphide  of  silver  (AgS)  is  found  as  silver  glance,  which  may  be  re- 
garded as  the  chief  ore  of  silver ;  it  has  a  metallic  lustre,  and  is  some- 
times found  in  cubical  or  octahedral  crystals.  The  minerals  known  as 
ros'iders  or  red  silver  ores  contain  sulphide  of  silver  combined  with  the 
sulphides  of  arsenic  and  antimony.  The  black  precipitate  obtained  by 
the  action  of  hydrosulphuric  acid  upon  a  solution  of  silver  is  the  sulphide 
of  silver.  It  may  also  be  formed  by  heating  silver  with  sulphur  in  a 
covered  crucible.  Sulphide,  of  silver  is  remarkable  for  being  soft  and 
malleable,  so  that  medals  may  even  be  struck  from  it.  It  is  not  dis- 
solved by  diluted  sulphuric  or  hydrochloric  acid,  but  nitric  acid  readily 
dissolves  it.  Metallic  silver  dissolves  sulphide  of  silver  when  fused  with 
it,  and  becomes  brittle  even  when  containing  only  1  per  cent,  of  the 
sulphide. 

265.  Equivcdent  and  atomic  loeiglits  of  silver. — When  finely  divided 
silver  is  heated  in  a  current  of  chlorine  gas,  108  parts  by  weight  of  sUver 
combine  with  35'5  parts  (1  eq.)  of  chlorine;  hence  108  is  taken  to  re- 
present the  equivalent  of  silver.  The  specific  heat  of  silver  shows  its 
atomic  weight  to  be  represented  by  the  same  number  as  its  equivalent,  so 
that  it  is  a  monatomic  element,  and  the  atomic  formidm  of  its  principal 
compounds  are  written  thus  :  Oxide  of  silver,  kg.p ;  chloride  of  silver, 
AgCl ;  sulphide  of  silver,  AgjS. 
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MEECUEY. 

266.  Mercury  (quicksilver)  is  th.e  only  metal  which,  is  liquid  at  the 
ordinary  temperature,  and  since  it  requires  a  temperature  of  39°  below 
zero  F.  to  solidify  it,  this  metal  is  particidarly  adapted  for  the  construc- 
tion of  thermometers  and  barometers.  Its  high  boiling  point  (662°  F.) 
also  recommends  it  for  the  former  purpose,  as  does  its  high  specific  gravity 
(13-54)  for  the  latter,  a  column  of  about  30  inches  in  height  being  able 
to  counterpoise  a  column  of  atmospheric  air  having  the  same  sectional 
area,  and  a  height  equal  to  that  of  the  atmosphere  above  the  level  of  the  sea. 
The  symbol  for  mercury  (Hg)  is  derived  from  the  Latin  name  for  this  ele- 
ment, hydrargyrum  (vSwp,  luater,  referring  to  its  fluidity,  apyvpov,  silver). 

Mercury  is  not  met  with  in  this  country,  but  is  obtained  from  Idria 
(Austria),  Almaden  (Spain),  China,  and  JSTew  Almaden  (California).  It 
occurs  in  these  mines  partly  in  the  metallic  state,  diffused  in  minute 
globules  or  collected  in  cavities,  but  chiefly  in  the  state  of  cinnabar,  which 
is  a  sulphide  of  mercury  (HgS). 

The  metal  is  extracted  from  the  sulphide  at  Idria  by  roasting  the  ore 
in  a  kiln  (fig.  252),  which  is  connected  with  an  extensive  series  of  con- 


Fig.  252.  —Extraction  of  mercury  at  Idria. 

densing  chambers  built  of  brick-work.  The  sulphur  is  converted,  by  the 
air  in  the  kiln,  into  sulphurous  acid  gas,  whilst  the  mercury  passes  off  in 
vapour  and  condenses  in  the  chambers. 

At  Almaden  the  extraction  is  conducted  upon  the  same  principle,  but 
the  condensation  of  the  mercury  is  effected  in  earthen  receivers  (called 
aludds)  openmg  into  each  other,  and  delivering  the  mercury  into  a  gutter 
which  conveys  it  to  the  receptacles. 

The  cinnabar  is  placed  upon  the  arch  (A,  fig.  253)  of  brick-work,  in 
which  there  are  several  open- 
ings for  the  passage  of  the  flame 
of  the  wood  fire  kindled  at  B  ; 
this  flame  ignites  the  sulphide 
of  mercury,  which  burns  in 
the  air  passing  up  from  be- 
low, forming  sulphurous  acid 
gas  and  vapour  of  mercury 
(HgS  +  O2  =  Hg  +  SO,), 
which  escape  through  the  flue 
(F)  into  the  aludels  (C),  where 
the  chief  part  of  the  mercury 

condenses,  and  mns  down  into  the  gutter  (G).    The  sulphurous  acid  gas 


Fig.  253. 
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escapes  through  the  flue  (H),  and  any  mercury  which  may  have  escaped 
condensation  is  coUected  in  the  trough  (D),  the  gas  finally  passing  out 
through  the  chimney  (E),  which  provides  for  the  requisite  draught. 

In°the  Palatinate,  the  cinnabar  is  distilled  in  cast-iron  retorts  with 
lime  when  the  sidphur  is  left  in  the  residue  as  sulphide  of  calcium,  and 
sulphate  of  lime,  whilst  the  mercury  distils  over — 

4HgS  +  4CaO  =  3CaS  +  CaO .  SO3  +  Hg^  . 

The  mercury  found  in  commerce  is  never  perfectly  pure,  as  may  be  shown  by 
scattering  a  little  upon  a  clean  glass  plate,  when  it  tails  or  leaves  a  track  upon  the 
glass,  which  is  not  the  case  with  pure  mercury.  Its  chief  impurity  is  lead,  which 
may  be  removed  by  exposing  it  in  a  thin  layer  to  the  action  of  nitric  acid  diluted 
with  two  measures  of  water,  which  should  cover  its  surface,  and  be  allowed  to  re- 
main in  contact  with  it  for  a  day  or  two,  with  occasional  stirring.  The  lead  is  far 
more  easily  oxidised  and  dissolved  than  the  mercury,  though  a  little  of  this  also 
If  asses  into  solution.  The  mercury  is  afterwards  well  washed  with  water  and  dried, 
first  with  blotting-paper,  and  then  by  a  gentle  heat.  Mercury  is  easily  freed  from 
mechanical  impurities  by  filtering  it  through  a  cone  of  paper,  round  the  apex  of 
which  a  few  pin-holes  have  been  made. 

267.  Although  mercury  in  its  ordinary  condition  is  not  oxidised  by  au- 
at  the  ordinary  temperature,  it  appears  to  undergo  a  partial  oxidation 
when  reduced  to  a  fine  state  of  division,  as  ia  those  medicinal  prepara- 
tions of  the  metal  which  are  made  by  triturating  it  with  various  sub- 
stances which  have  no  chemical  action  upon  it,  until  globules  of  the  metal 
are  no  longer  visible.  Blue  pill  and  grey  jjoioder,  or  hydrargyrum  cum 
cretd,  afford  examples  of  this,  and  probably  owe  much  of  their  medicinal 
activity  to  the  presence  of  one  of  the  oxides  of  mercury. 

268.  Uses  of  mercury. — One  of  the  chief  uses  to  which  mercury  is 
devoted  is  the  silvering  of  looking-glasses,  which  is  effected  by  means  of  an 
amalgam  of  tin  in  the  following  manner  :  a  sheet  of  tin-foil  of  the  same  size 
as  the  glass  to  be  sdvered  is  laid  perfectly  level  upon  a  table,  and  rubbed 
over  with  metallic  mercury,  a  thin  layer  of  which  is  afterwards  poured 
upon  it.  The  glass  is  then  carefully  slid  on  to  the  table,  so  that  its  edge 
may  carry  before  it  part  of  the  superfluous  mercury  with  the  impurities  upon 
its  surface  ;  heavy  weights  are  laid  upon  the  glass  so  as  to  squeeze  out  the 
excess  of  mercury,  and  in  a  few  days  the  combination  of  tia  and  mercury 
is  found  to  have  adhered  flrmly  to  the  glass ;  this  coating  usually  contains 
about  1  part  of  mercury  and  4  parts  of  tin.  In  tliis  and  aU  other  arts  in 
which  mercury  is  used  (such  as  barometer-making)  much  sufi"ering  is  expe- 
rienced by  the  operatives,  from  the  poisonous  action  of  the  mercury. 

The  readiness  with  which  mercury  unites  with  most  other  metals  to 
form  amalgams  is  one  of  its  most  striking  properties,  and  is  tiirned  to 
account  for  the  extraction  of  silver  and  gold  from  their  ores.  The  attrac- 
tion of  the  latter  metal  for  mercury  is  seen  in  the  readiness  with  which  it 
becomes  coated  with  a  silvery  layer  of  mercury,  whenever  it  is  brought  in 
contact  with  that  metal,  and  if  a  piece  of  gold  leaf  bo  suspended  at  a  little 
distance  above  the  surface  of  mercury,  it  will  be  found,  after  a  time,  sil- 
vered by  the  vapour  of  the  metal  which  rises  slowly  even  at  the  ordinary 
temperature.  From  the  surface  of  rings  which  have  been  accidentally 
whitened  by  mercury,  it  may  be  removed  by  a  moderate  heat,  or  by  warm 
dikite  nitric  acid,  but  the  gold  will  afterwai'ds  require  bui-uisliiug. 

Zinc  plates  are  amalgamated,  as  it  is  termed,  for  use  iu  the  galvanic 
battery,  by  rubbing  the  "liquid  metal  over  them  under  the  surface  of  dilute 
sulphuric  acid,  whicli  removes  the  coating  of  oxide  from  the  surface  of  the 
zinc.  The  amalgam  of  zinc  is  not  acted  on  by  the  diluted  sulphuric  acid  used 
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in  the  battery  (see  p.  20)  until  tlie  circuit  is  completed,  so  that  no  zinc  is 
wasted  when  the  battery  is  not  in  use.  A  combination  of  5  parts  of  mercury 
and  2  parts  of  zinc  is  also  used  to  promote  the  action  of  electrical  machines. 

The  addition  of  a  little  amalgam  of  sodimn  to  metallic  mercury  gives  it 
the  power  of  adhering  much  more  readily  to  other  metals,  even  to  iron. 
Such  an  addition  has  been  recommended  in  all  cases  where  metallic  sur- 
faces have  to  be  amalgamated,  and  especially  in  the  extraction  of  silver 
and  gold  from  their  ores  by  means  of  mercury. 

Iron  and  platinum  are  the  only  metals  in  ordinary  use  which  can  be 
employed  in  contact  with  mercmy  without  being  corroded  by  it.  Mer- 
cury, however",  adheres  to  platinum. 

The  following  definite  compounds  of  mercury  with  other  metals  have  been  ob- 
tained by  combining  them  with  excess  of  mercury,  aud  squeezing  out  the  fluid  metal 
by  hydraulic  pressure,  amounting  to  60  tons  upon  tlie  inch: — 

Amalgam  of  lead,      Pb^Hg  Amalgam  of  zinc,  ZnjHg 

„        silver,     AgHgg  „  copper,        CuHg  . 

„        iron,      FeHg  „  platinum,     PtHgg  ., 

The  amalgam  of  silver  (AgHgj)  has  been  found  in  nature,  in  dodecahedral  crystals. 

A  very  beautiful  crystallisation  of  the  amalgam  of  silver  {Arbor  Diana)  may  be 
obtained  in  long  prisms  having  the  composition  AgHg, ,  by  dissolving  400  grains  of 
nitrate  of  silver  in  40  measured  ounces  of  water,  adding  160  minims  of  concentrated 
nitric  acid,  and  1840  grains  of  mercury ;  in  the  course  of  a  day  or  two  crystals  of 
2  or  3  inches  in  length  will  be  deposited. 

269.  Oxides  of  mercury. — Two  oxides  of  mercury  are  known,  the  sub- 
oxide Hg„0,  and  the  oxide  HgO  ;  both  combine  with  acids  to  form  salts. 

Suboxide  of  inercury,  hlaclc  oxide  or  mereurous  oxide  (HgoO),  is  obtained 
by  decomposing  calomel  with  solution  of  potash,  and  washing  with  water 
(Hg^Cl  -1-  KO  =  Hg^O  +  KCl).  It  is  very  easily  decomposed  by  exposure 
to  light  or  to  a  gentle  heat,  into  oxide  of  mercury  and  metallic  mercury. 

Red  oxide  of  mercury,  or  mercuric  oxide  (HgO),  is  formed  upon  the 
surface  of  mercury,  when  heated  for  some  time  to  its  boiling  point  in  con- 
tact with  air.  The  oxide  is  black  while  hot,  but  becomes  red  on  cooling. 
It  is  used  under  the  name  of  red  xtfecipitate  in  ointments,  and  is  prejjared 
for  this  purpose  by  dissolving  mercury  in  nitric  acid,  evaporating  the 
solution  to  dryness,  and  gently  calcining  the  nitrate  of  mercmy  (HgO  .  NO.) 
until  the  nitric  acid  is  expelled.  The  name  nitric  oxide  of  mercury  refers 
to  this  process.  It  is  thus  obtained,  after  cooling,  as  a  brilliant  red  crystal- 
line powder,  which  becomes  nearly  black  when  heated,  and  is  resolved 
into  its  elements  at  a  red  heat.  It  dissolves  slightly  in  water,  and  the 
solution  has  a  very  feeble  alkaline  reaction.  A  bright  yellow  modification 
of  the  oxide  is  precipitated  wlien  a  solution  of  corrosive  sublimate  is 
decomposed  by  potash  (HgCl  -i-  KO  =  HgO  -I-  KCl) ;  the  yeUow  variety  is 
chemically  more  active  than  the  red. 

When  oxide  of  mercury  is  acted  on  by  strong  ammonia,  it.  becomes  converted  into 
a  yellowish  white  powder  which  possesses  the  properties  of  a  strong  base,  absorbing 
carbonic  acid  eagerly  from  the  air,  and  combining  readily  witli  other  acids.  It  is 
easily  decomposed  by  exposure  to  light,  and,  if  rubbed  in  a  mortar  wlion  dry,  is 
decomposed  with  slight  detonations,  a  property  in  wliicli  it  feebly  resembles  fulmi- 
nating silver  (p.  364).  The  composition  of  this  substance  is  reprosentod  by  the 
formula  4HgO  .  NH,  .  2H0,  and  it  is  somcitiraes  called  nmmonialed  oxide  of  mcrcuri/. 
Wlicn  exposed  in  vncno  over  oil  of  vitriol,  it  loses  2II0,  becoming  4HgO  .  NH.,,  but  if 
heated  to  about  260°  F.,  it  evolves  another  equivalent  of  water  and  becomes  brown.* 

*  It  has  heen  stated  that  by  heating  it  for  some  time  in  a  ourrent  of  (hy  ammonia,  the 
whole  of  the  hydrogen  maybe  expelled  as  water,  leaving  the  oxide  of  tetra-nicrcurnnimo- 
ninni,  NHg,0,  whicli  is  very  explosive,  and  combines  with  water  to  i'oriu  a  hydrate  which 
produces  salts  with  the  acids. 
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It  now  contains  Hg-OnNH,,  and  may  be  regarded  as  a  corapound  of  oxide  of  mer- 
cury with  ammouia  in  wliich  one  equivalent  of  hydrogen  is  displaced  by  mercury 
(NH.Hg  ,  3HgO),  a  view  which  would  explain,  in  a  simple  manner,  the  evolution 
of  ammonia  when  the  substance  is  fused  with  hydrate  of  potash— 

NH^Hg.SHgO    +    KO.HO    =    NH3    +    4HgO    +  KO. 

This  substance  is  sometimes  called  jnercwraTMine;  it  forms  salts  with  the  acids  ;  the 
«/«»/iaie  o/MJerOTramme  has  the  composition  (NH2Hg,3HgO)S03.  _ 

I3v  passino-  ammonia  gas  over  the  yellow  oxide  of  mercury  as  long  as  it  is  absorbea, 
and  heating^the  compound  to  about  260°  F.  in  a  current  of  ammonia  as  long  as  any 
water  is  evolved,  a  brown  explosive  powder  is  obtained,  which  is  believed  to  be  a 
nitride  of  viercury,  NHg,,,  representing  ammonia  in  which  the  hydrogen  has  been 
displaced  by  mercury.  '  It  yields  salts  of  ammonia  when  decomposed  by  hydrated 
acids. 

270.  The  salts  formed  by  the  oxides  of  mercury  with  tlie  oxygen-acids  are  not  of 
great  practical  importance.  Protonitrate  of  mercury  or  mernirous  nitrate  is  obtained 
when  mercury  is  dissolved  in  nitric  acid  diluted  with  five  volumes  of  water ;  it  may 
be  procured  in  crystals  having  the  composition  Hg^O .  NO5,  2Aq.  The  prismatic 
crystals  which  are  sometimes  sold  as  protonitrate  of  mercury  cousist  of  a  basic  nitrate, 
S/HgjO .  NO5),  HggO  .  HO,  prepared  by  acting  with  diluted  nitric  acid  upon  mercury 
in  excess.  When  this  salt  is  powdered  in  a  mortar  with  a  little  common  salt,  it 
becomes  black  from  the  separation  of  suboxide  of  mercury — 

SCHg^O  .  NO  J,  Hg,0  .  HO  +  3NaCl  =  3Hg,Cl  +  3(NaO  .  NO,)  +  Hg,0  +  HO  ; 

but  the  neutral  nitrate  is  not  blackened  (Hg„0  .  NO,  +  NaCl  =  Hg.,Cl  +  NaO .  NO,). 
These  nitrates  cannot  be  dissolved  in  water  without  partial  decomposition  and  pre- 
cipitation of  yellow  basic  nitrates. 

Nitrate  of  mercury  or  mercuric  nitrate  is  formed  when  mercury  is  dissolved  with  an 
excess  of  strong  nitric  acid,  and  the  solution  boiled.  It  is  better  to  prepare  it  by 
saturating  strong  nitric  acid,  diluted  with  an  equal  measure  of  water,  with  oxide  of 
mercury.  It  may  be  obtained  in  crystals  of  the  formula  2(HgO  .  NO,),  Aq.  Water 
decomposes  it,  precipitating  a  yellow  basic  nitrate,  which  leaves  oxide  of  mercury 
when  long  washed  with  water. 

Sulphate  of  suboxide  of  mercury  or  mercurovs  sulphate  (Hg^O  .  SO3)  is  precipitated  as 
a  white  crystalline  powder  when  dilute  sulphuric  acid  is  added  to  a  solution  of  proto- 
nitrate of  mercury. 

Sulphate  of  mercury  or  mercuric  sulphate  (HgO  .  SO,)  is  obtained  by  heating  2  parts 
by  weight  of  mercury  with  3  parts  of  oil  of  vitriol,  and  evaporating  to  dryness.  _  Mer- 
curous  sulphate  is  first  produced,  and  is  oxidised  by  the  excess  of  sulphuric  acid.  It 
forms  a  white  crystalline  powder,  which  is  decomposed  by  water  into  a  soluble  acid 
sulphate,  and  an  insoluble  yellow  basic  sulphate  of  mercury,  HgO .  SO3 .  2HgO, 
known  as  turhith  or  tiirpeth  mineral,  said  to  have  been  so  named  from  its  resembling  in 
its  medicinal  effects  the  root  of  the  Convolvulus  turpcthum. 

271.  Chlorides  of  mercury. — The  clilorides  are  tlie  most  important 
of  tlie  compounds  of  mercury,  tlie  subcbloride  being  calomel  (Hg.,Cl)  and 
the  chloride,  corrosive  sublimate  (HgCl).  Vapour  of  mercury  burns  in 
chlorine  gas,  corrosive  sublimate  being  produced. 

Corrosive  sublimate,  chloride  of  mercury,  bichloride  or  percJdoride  of 
mercury,  or  mercuric  chloride,  is  manufactured  by  heating  2  parts  by 
-weight  of  mercury  with  3  parts  of  strong  sulphuric  acid,  and  evaporat- 
ing to  dryness,  to  obtain  mercuric  sulphate  (Hg   +   2  (HO .  SO3)  = 
HgO.SOa  +  2H0  +  SO.,),  which  is  mixed  with  1|  part  of  common  1 
salt  and  heated  in  glass  vessels  (HgO  .  SO3  -f  NaCl  =  NaO .  SO3  +  HgCl), , 
when  sulphate  of  soda  is  left,  and  the  corrosive  sublimate  is  converted  I 
into  vapoui-,  condensing  on  the  cooler  part  of  the  vessel  in  lustrous ; 
colourless  masses,  which  are  very  heavy  (sp.  gr.  5-4),  and  have  a  crys- 
talUno  fracture.    It  fuses  very  easily  (at  509°  T.)  to  a  perfectly  colour- 
less liquid,  which  boils  at  5G3°  F.,  emitting  an  extremely  acrid  vapour, 
wliich  destroys  the  sense  of  smell  for  some  time.    This  vapour  condenses 
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in  fine  needles,  or  sometimes  in  octaliedra.  Corrosive  sublimate  dis- 
solves in  throe  times  its  weight  of  boiling  water,  but  requires  16  parts 
of  cold  water,  so  that  the  hot  solution  readily  deposits  long  four-sided 
prismatic  crystals  of  the  salt.  It  is  remarkable  that  alcohol  and  ether 
dissolve  corrosive  sublimate  much  more  easily  than  water,  boiling  alcohol 
dissolviBg  about  an  equal  weight  of  the  chloride,  and  cold  ether  talcing 
up  one-thu-d  of  its  weight.  Ey  shaking  the  aqueous  solution  with  ether, 
the  greater  part  of  the  corrosive  sublimate  will  be  removed,  and  will 
remain  dissolved  in  the  ether  Avhich  rises  to  the  surface.  Water  in  which 
sal-ammoniac  has  been  dissolved  will  take  up  corrosive  sublimate  more 
easily  than  pure  water,  a  soluble  double  chloride  {sal  alemhroth)  being 
formed,  which  may  be  obtamed  in  tabular  crystals  of  the  composition 
HgCl,  SlSTPI^Cl,  HO.  A  solution  of  corrosive  sublimate  in  water  con- 
taining sal-ammoniac  is  a  very  efficacious  hug-poison. 

The  poisonous  properties  of  corrosive  sublimate  are  very  marked,  so 
little  as  tliree  grains  having  been  known  to  cause  death  in  the  case  of  a 
child.  The  white  of  egg  is  commonly  administered  as  an  antidote,  because 
it  is  known  to  form  an  insoluble  compound  with  corrosive  sublimate,  so 
as  to  render  the  poison  inert  in  the  stomach.  The  compormd  of  albumen 
with  corrosive  sublimate  is  also  much  less  liable  to  putrefaction  than 
albumen  itself,  and  hence  corrosive  sublimate  is  sometimes  employed  for 
preserving  anatomical  preparations  and  for  preventing  the  decay  of  wood 
{by  combining  with  the  vegetable  albumen  of  the  sap). 

Chloride  of  mercury  unites  with  many  other  chlorides  to  form  soluble 
double  salts,  and  with  oxide  of  mercuiy,  forming  several  oxychlorides  of 
mercury,  which  have  no  useful  applications.  ; 

White  precipitate,  employed  for  destroying  vermin,  is  deposited  when 
a  solution  of  corrosive  sublimate  is  poured  into  an  excess  of  solution  of 
ammonia;  2HgCl  +  2NH3  =  NH3.HCI  +  NH.Hg.HgCl. 

White  precipitate. 

_  The  true  constitution  of  white  precipitate  has  been  the  subject  of  much  discus- 
sion, but  the  changes  which  it  undergoes,  under  various  circumstances,  appear  to 
lead  to  the  conclusion  that  it  represents  the  hydrochlorate  of  ammonia,  iSTHg  .  HCl, 
m  which  the  hydrogen  of  the  hydrochloric  acid,  and  one-third  of  that  of  the 
ammonia,  have  been  displaced  by  mercury.  When  boiled  with  potash,  it  yields 
ammonia  and  oxide  of  mercury — 

NHjHg.HgCl  -f-  KO.HO  =  NH3  +  2HgO  -1-  KCI. 

If  it  be  boiled  with  water,  it  is  only  partly  decomposed  in  a  similar  manner,  leaving 
a  yellow  powder  having  the  composition  (NH^Hg .  HgCl) .  2HgO,  produced  accord- 
ing to  the  equation — 

2{NH2Hg .  HgCl)  +  2H0  =  NH3.HCI  -1-  (NH^Hg .  HgCl) .  2HgO. 
Wliito  precipitate.  Yellow  precipitate. 

A  compound  corresponding  to  this  yellow  precipitate,  but  containing  chloride  of 
mercury  in  place  of  the  oxide,  is  precipitated  when  ammonia  is  gradually  added  to 
solution  of  corrosive  siiblimate  in  large  excess,  the  result  being  a  compound  of  white 
precipitate  with  two  equivalents  of  undecomposed  chloride  of  mercury, — 

(NIl2Hg.HgCl).2HgCl. 

If  white  precipitate  be  heated  to  about  600°  F.,  it  evolves  ammonia,  and  yields  a 
sublimate  of  ammoniatod  subchloride  of  mercury,  2HgnCl.NH3,  leaving  a  red 
crystalline  powder  wliioh  is  insoluble  in  water  and  in  diluted  acids,  and  is  un- 
changed by  boiling  with  potash  ;  it  may  bo  represented  as  a  compound  of  chloride 
of  mercury  with  hydrochlorate  of  ammonia  in  which  the  whole  of  the  hydrcen  has 
been  displaceil  by  mercury  (Nllg, .  HgCl)  .HgCl.  ° 

When  solution  of  corrosive  sublimate  is  added  to  a  hot  solution  of  sal-ammoniac 
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mixed  with  ammonia,  a  crystalline  deposit  is  obtained  on  cooling  the  liquid,  whicl^ 
is  known  as  fusible  white  precipitate,  and  represents  hydrochlorate  of  ammonia,  in 
which  one-fourth  of  the  hydrogen  has  been  displaced  by  mercury,  its  composition 
being  NH  Hg .  HCl.  The  same  compound  is  formed  when  white  precipitate  is 
boiled  with  a  solution  of  sal-ammoniac— 

NH,Hg.HgCl   +  NH3.HCI  =  2(NH2Hg.HCl). 

The  above  compounds  possess  a  special  interest  for  the  chemist,  as  they  were 
among  the  first  to  attract  attention  to  the  mobility  of  the  liydrogen  in  ammonia, 
which  has  since  been  so  well  exemplified  in  the  artificial  production  of  organic 
bases  by  the  action  of  ammonia  upon  the  iodides  of  the  alcohol-radicals.  The  relation 
of  these  compounds  to  each  other  is  here  exhibited  : — 

"White  precipitate   NH^Hg  .  HgCl 

Produced  with  corrosive  sublimate  in  excess,    .  (NH^Hg  .  HgCl)  .2HgCl 

by  boiling  with  water,       .       .       .  (NH^Hg  .  HgCl)  .2HgO 

,  „       sal-ammoniac,  .       .  NH^Hg.HCl 

by  heating  to  600°     ....  (NHgj .  HgCl). HgCl . 

272.  Calomel,  subcUoride  or  protocliloride  of  mercury,  or  mercurous 
elder ide  (Hg^Cl),  unlike  corrosive  sublimate,  is  insoluble  in  water,  so  that 
it  is  precipitated  wlien  hydrochloric  acid  or  a  soluble  chloride  is  added  to 
mercurous  nitrate.  The  simplest  mode  of  manufacturing  it  consists  in 
intimately  mixing  corrosive  sublimate  with  1  eq.  of  metaUic  mercury,  a 
little  water  being  added  to  prevent  dust,  drying  the  mixture  thoroughly, 
and  subliming  it;  HgCl  -1-  Hg  =  Hg^Cl.  But  it  is  more  commonly 
made  by  adding  another  equivalent  of  mercury  to  the  materials  employed 
in  the  preparation  of  corrosive  sublimate.  2  parts  by  weight  of  mercury 
are  dissolved,  with  the  aid  of  heat,  in  3  parts  of  oil  of  vitriol,  and  eva- 
porated to  dryness;  Hg  +  2(HO.S03)  =  HgO .  SO,  +  SO,  +  2H0. 
The  residue  of  mercuric  sulphate  is  intimately  mixed  with  2  more  parts  of 
mercury,  and  the  mixture  afterwards  triturated  with  IJ  parts  of  common 
salt,  until  globules  are  no  longer  visible.  The  mixture  is  then  heated,  so 
that  the  calomel  may  pass  off  in  vapour,  which  condenses  as  a  translucent 
fibrous  cake  on  the  cool  part  of  the  subliming  vessel,  leaving  sulphate  of 
soda  behind;  HgO.SO^  +  Hg  +  FaCl  =  Hg.Cl  +  NaO.SOj.^  For 
medicinal  purposes  the  calomel  is  obtained  in  a  very  fine  state  of  division 
by  conducting  the  vapour  into  a  large  chamber,  so  as  to  precipitate  it  in 
a  fine  powder  by  contact  with  a  large  volume  of  cold  air.  Steam  is  some- 
times introduced  to  promote  its  fine  division.  Sublimed  calomel  always 
contains  some  corrosive  sublimate,  so  that  it  must  be  thoroughly  waslied 
with  water  before  being  employed  in  medicine.  When  perfectly  pure 
calomel  is  sublimed,  a  little  is  always  decomposed  during  the  process  into 
metaUic  mercury  and  corrosive  sublimate. 

Calomel  is  met  with  either  as  a  semitransparent  fibrous  mass,  or  an 
amorphous  powder,  with  a  slightly  yelloAv  tinge.  It  is  hea-\aer  than  cor- 
rosive sublimate  (sp.  gr.  7-18),  and  does  not  fuse  before  subliming ;  it 
maybe  obtained  in  four-sided  prisms  by  slow  sublimation.  Diluted  acids 
will  not  dissolve  it,  but  boiling  nitric  acid  gradually  converts  it  into  mer- 
curic chloride  and  nitrate,  which  pass  into  solution.  Alkaline  solutions 
convert  it  into  black  suboxide  of  mercury,  as  is  seen  in  black-wash,  made 
by  treating  calomel  with  lime-water  (Hg.Cl  +  CaO  =  Hg^O  +  CaCl). 
Solution  of  ammonia  converts  it  into  a  grey  compound  (OTLHg,, .  Hg.Cl), 
which  is  the  analogue  of  white  precipitate  (NH„Hg.  HgCl),  contaiumg 
Hg,  in  place  of  Hg. 

Mercuroiis  iodide  (Hg.,I)  is  a  green  unstable  substance,  formed  when  iodine  is  tri- 
turated with  an  exces's  of  mercury  and  a  little  alcohol.    Tlie  beautiful  scarlet 
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mercuric  iodide  (Hgl)  liiis  been  noticed  at  p.  173.  lis  vaponr  lias  tbe  remarkably 
lii{?h  spccilic  gravity  I5-68. 

If  mercuric  iodide  be  dissolved  iu  iodide  of  potnssiuin,  tbo  solution  mixed  with 
potash,  and  some  ammonia  added,  a  brown  precipitate  is  formed,  which  may  be  repre- 
sented by  the  formula  NHg, .  Hgl .  2H0  ;  its  formation  can  be  explained  by  the 
equation,  4HgI  +  3K0  +  NPI^  =  NHgj .  Hgl .  2110  +  SKI  +  HO. 

A  solution  of  mercuric  iodide  in  iodide  of  potassium,  mixed  with  potash,  is 
employed^  as  one  of  the  most  delicate  tests  {Nessler's  test)  for  ammonia  in  waters  ; 
lin  gr-  of  ammonia  in  half  a  pint  of  water  is  distinctly  recognised  by  the  brown 
yellow  tinge  caused  by  this  test. 

273.  Sulphides  of  mercuri/. — When  mercury  is  triturated  with  sulphur, 
the  black  stihsidphide  of  mercury  or  mercurous  sidjMde  (Hg^S)  is  formed ; 
it  was  termed  by  old  writers  Ethiop's  mineral,  and  is  an  unstable  com- 
pound easily  resolvable  into  metallic  merciuy  and  mercuric  sulphide  (HgS). 
The  latter  has  been  mentioned  as  the  prmcipal  ore  of  mercury,  and  is 
important  as  composing  vermilion.  The  native  sulphide  of  mercury,  or 
cinnahar,  is  found  sometimes  in  amorphous  masses,  sometimes  crystallised 
m  six-sided  prisms  varying  in  colour  from  dark  brown  to  bright  red.  It 
may  be  distinguished  from  most  other  minerals  by  its  great  weight  (sp.  gr. 
8-2),  aud  by  its  red  colour  when  scraped  with  a  Icnife.  ISTeither  hydrochloric 
or  nitric  acid,  separately,  will  dissolve  it,  but  a  mixture  of  the  two  dis- 
solves it  as  mercuric  chloride,  with  separation  of  sulphui-.  Some  speci- 
mens of  cinnabar  have  a  bright  red  colour,  so  that  they  only  require 
grinding  and  levigating  to  be  used  as  vermUion ;  and  if  the  brown  cinna- 
bar in  powder  be  heated  for  some  time  to  120°  F.  with  a  solution  of  sul- 
phur iu  potash,  it  is  converted  into  vermilion. 

Of  the  artificial  sulj^hide  of  mercury  there  are  two  varieties,  the  black, 
which  is  precipitated  when  corrosive  sublimate  is  added  to  hydrosulphuric 
acid  or  a  soluble  sulpiride,  and  the  red  (vermilion),  into  which  the  black 
variety  is  converted  by  sublunation,  or  by  prolonged  contact  with  solutions 
of  alkaline  sulphides  containing  excess  of  sulphur,  though,  so  far  as  is 
known,  the  conversion  is  effected  without  chemical  change,  the  red  sul- 
phide having  the  same  composition  as  the  black.  In  Idria  and  Holland, 
6  parts  of  mercury  and  1  of  si.dj)hur  are  well  agitated  together  in  revolving 
casks  for  several  hours,  and  the  black  sulphide  thus  obtained  is  sublimed 
in  tall  earthen  pots  closed  with  iron  plates,  when  the  vermilion  is  de- 
posited in  the  upper  part  of  the  pots,  and  is  afterwards  ground  and 
levigated.  The  sublimed  vermilion,  however,  is  generally  inferior  to  that 
obtained  by  the  wet  process,  of  which  tliere  are  several  modifications. 
One  of  the  processes  consists  in  triturating  300  parts  of  mercury  with 
114  parts  of  sulpliur  for  two  or  three  hours,  aud  digesthig  the  black 
product,  at  about  120°  R,  with  75  parts  of  liydrate  of  potash  and  400  of 
water  until  it  has  acquired  a  fine  red  colour.  The  permanence  of  vermilion 
paint  is,  of  course,  attributable  to  the  circumstance  that  it  resists  the 
action  of  light,  of  oxygen,  carbonic  acid,  aqueous  vapour,  and  eveia  of  the 
sulphuretted  hydrogen  and  sulphurous  or  sulphuric  acid  whicli  contaminate 
the  air  of  towns,  -whereas  the  red  paints  containing  lead  are  blackened  by 
sulphuretted  hydrogen,  and  all  vegetable  and  animal  reds  are  liable  to  be 
bleaclied  by  atmospheric  oxygen  and  by  sulphurous  acid. 

When  tiie  black  precipitated  mercuric  sulphide  is  boiled  with  solution 
of  corrosive  sublimate,  it  is  converted  into  a  wliite  chlorosidphide  of 
mercury,  HgCl .  2HgS,  which  is  also  formed  when  a  small  quantity  of 
hydrosulphuric  acid  is  added  to  corrosive  sublimate. 

274.  Equivcdent  and  atomic  tueighis  of  mercury. — The  analysis  of  tlic 
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red  oxide  of  mercury  proves  it  to  contain  1  equivalent  (8  parts  by  -weight)  of 
oxygen  combined  with  100  parts  of  mercury ;  therefore,  assuming  it  to  be 
composed  of  one  equivalent  of  each  element,  the  equivalent  of  mercury 
■would  be  100.  But  if  the  black  oxide,  -which  contains  200  of  mercury 
combined  -with  8  of  oxygen,  be  regarded  as  composed  of  single  equivalents, 
that  of  mercury  "will  be  200.  The  greater  stability  of  the  red  oxide,  how- 
ever, encourages  the  belief  that  it  contains  one  equivalent  of  mercury 
and  one  of  oxygen,  for  the  black  oxide  is  easily  resolved  into  metallic 
mercury  and  the  red  oxide.  This  argument  also  applies  to  other  mer- 
curic compounds,  which  are  decidedly  more  stable  than  the  mercurous 
compounds.  Thus,  calomel  (mercurous  chloride)  exhibits  a  disposition 
to  separate  into  metallic  mercury  and  mercuric  chloride,  leading  to  the 
behef  that  the  equivalent  of  clilorine  (35-5)  is  combined  with  one 
equivalent  (100)  of  mercury  in  the  latter,  and  with  two  equivalents  (200) 
in  calomel.  Moreover,  the  strongly  basic  character  of  the  red  oxide  of 
mercury  classes  it  -with  the  oxides  of  silver  and  lead,  which  were  allowed 
to  contain  single  equivalents,  whilst  the  feebly  basic  character  and 
instability  of  the  mercurous  oxide  places  it  on  a  par  with  the  suboxide 
of  copper. 

In  determining  the  atomic  loeigM  of  mercury,  we  are  able  to  compare  it 
with  hydrogen,  under  similar  physical  conditions,  for  the  specific  gravity 
of  the  vapour  of  mercury  has  been  found  to  be  6-976,  or  100  times  that  of 
hydrogen.  If  1  vol.  or  1  atom  of  hydrogen,  therefore,  be  taken  to  weigh 
1,  1  vol.  or  1  atom  of  mercury  should  weigh  100. 

The  specific  gra-vity,  or  weight  of  1  vol.  of  calomel  vapour,  is  8-35.  If 
the  atom  of  mercury  =  100,  calomel  will  contain  2  atoms  of  mercury  and 
1  atom  of  chlorine — 

Weight  of  2  vols,  of  mercury  vapour,     .  13-952 
1  vol.  of  clilorine,  .       .       .  2-470 


16-422 

which  represents,  as  nearly  as  can  be  expected,  the  weight  of  2  vols,  of 
calomel  vapour.  Hence,  1  molecule  (or  2  vols.)  of  calomel  vapour  con- 
tains 2  vols,  of  mercury  vapour  (or  2  atoms)  and  1  vol.  (1  atom)  of 
chlorine,  and  its  molecular  formula  should  be  Hg^Cl,  or  the  same  as  its 
equivalent  formula. 

The  specific  gravity  of  the  vapour  of  corrosive  sublimate  is  9-8 — 

Weight  of  1  vol.  of  mercury  vapour,      .  6-976 
„       1  vol.  of  chlorine,  .       .       .  2-470 


9-446 

so  that  1  volume  of  corrosive  sublimate  vapour  contains  1  vol.  of  mercury 
and  1  vol.  of  chlorine,  thus  presenting  a  deviation  from  the  hydrochloric 
acid  type,  in  which  1  vol.  of  each  of  the  elements  form  2  vols,  of  the  com- 
pound. In  order  to  bring  corrosive  sublimate  under  the  general  rule  that  one 
molecule  of  a  compoimd  body  occupies  two  volumes,  its  molecular  formula 
must  be  written  Hg^Cls,  representing  2  vols.  Similar  reasoning  leads  to 
the  conclusion  that  the  bromides  of  mercury  have  the  molecular  formulte 
Hg^Br  and  Hg„Br„,  and  the  red  iodide  of  mercury  Hg.,l2. 

The  vapour  of  -v-ermilion  has  the  specific  gravity  5-51.  Smce  1  vol.  of 
sulphur  vapour  (at  1900°  K)' weighs  2-23,  and  is  combined -^nth  mercury 


ATOMIC  FORMULiE  OF  MERCURIAL  COMPOUNDS. 


375 


in  the  proportion  of  16  to  100,  tho  weight  of  mercury  combined  with  it 
iu  vermilion  is  13 'OS 2 — 

2  vols,  of  mercury  vapour  weigh  .  13"952 
1  vol.  of  sulphur  vapour  weighs        .       2  "230 

16-182 

amounting  as  nearly  as  possible  to  three  thhes  the  specific  gravity  of  the 
vapour  of  vermilion.  Hence,  3  vols,  of  vermilion  vapour  contain  2  vols, 
or  2  atoms  of  mercuiy  vapour,  and  1  vol.  or  1  atom  of  sulphur  vapoiu- ; 
whereas,  in  accordance  with  the  composition  of  hydrosulphuric  acid,  the 
2  vols,  of  mercury  and  1  vol.  of  sulphur  should  be  condensed  into  2  vols. 
The  anomaly  might  be  explained  on  the  supposition  that  the  high  tem- 
perature requisite  to  convert  the  vermilion  into  vapour  suffices  to  suspend 
the  attraction  between  its  elements,  so  that  the  vapour  of  which  the 
specific  gravity  is  taken  is  not  really  that  of  the  compound  of  mercury 
and  sulphur  (which  should  occupy  two  vols.),  but  a  mixture  of  the  2  vols, 
of  mercury  vapour  and  1  vol.  of  sulphur  vapour,  occupying  3  vols.  This 
view  of  the  temporary  decomposition  of  the  vapour  receives  some  slight 
support  from  the  convertibility  of  the  black  into  the  red  sulphide  by  sub- 
limation. 

The  above  considerations  would  lead  to  the  adoption  for  vermilion  of 
the  molecular  formula,  Hg.jS  ( =  2  vols.  1) 

The  specific  heat  of  mercury  is  twice  as  great  as  it  shoid.d  be  if  its 
atomic  weight  be  =  100,  and  this,  conjoined  with  some  other  considera- 
tions, has  led  many  chemists  to  adopt  200  as  the  atomic  weight  of  mer- 
cury, thus  making  it  a  diatomic  metal.  It  is  evident  that  in  calomel  the 
200  parts  of  mercury,  which  are  combined  with  35-5  parts  of  chlorine, 
occupy  the  place  of  1  part  of  hydrogen  in  hydrochloric  acid,  so  that 
mercurosum,  ffg'  (or  the  mercury  in  mercurous  salts),  is  monatomic  ; 
whilst  in  corrosive  sublimate  the  200  parts  of  mercury  are  combined  with 
71  parts  of  chlorine,  and  occupy  the  place  of  2  parts  of  hydrogen  in 
hydrochloric  acid ;  hence  mercuricum,  Hg"  (or  the  mercury  in  mercuric 
salts),  is  diatomic. 

The  following  table  exhibits  the  formulae  of  some  of  the  chief  com- 
pounds of  mercury  on  the  three  views  : — 


Equiv.  Formula, 
Hg  =:  100. 

Atomic  Formula, 
Hg  =  100  =  1  vol. 

Atomic  Formula, 
Hg  =  200  =  2  vols. 

Mercurous  oxide, 

Hg,0  =  208 

Hg,e  =  416 

Hg^e  =  416 

Mercuric  oxide, 

HgO  =  108 

Hg^e  =  216 

HgO  =  216 

Calomel, 

Hg2Cl=235-5  1 

■HgaCl  =  235-5  ' 
=  2  vols. 

HgCl  =  235-5 
=  2  vols. 

Corrosive  sub-  ) 
limate,  J 

HgCl  =  135-5  1 

Hg.Cl,  =  271 
=  2  vols. 

HgCl2  =  271 

:  '2  vols. 

Mercurous  sul-  ) 
pliide,  .    .  ) 

Vermilion,  . 

Hg,S=216 
HgS  =  116  1 

Hg,S  =  432 

Hg,S  =  232 
=  3  vols. 

Hg^S  =  432 

HgS  =  232 
=  3  vols. 

White  preci-  j 
pitate,  .    .  J 

NH„Hg .  HgCl 
j     =  251-5 

NH^Hg.HgCl 
=  251-5 

NHjHg"  CI 
=  251-6 
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BISMUTH. 

275.  Bismuth,  tliougli  useful  in  various  forms  of  combination,  is  too 
brittle  to  be  employed  in  tlie  pure  metallic  state.  It  is  readily  distia- 
guisbed  from  other  metals  by  its  peculiar  reddish  lustre  and  its  highly 
crystalline  structure,  which  is  very  perceptible  upon  a  freshly  broken 
surface;  large  cubical  (or,  strictly  speaking,  rhombohedral)  crystals  of 
bismuth  are  easily  obtained  by  melting  a  few  ounces  in  a  crucible,  allow, 
ing  it  to  cool  tiU.  a  crust  has  formed  upon  the  surface,  and  pouring  out 
the  portion  which  has  not  yet  solidified,  when  the  crystals  are  found  Hning 
the  interior  of  the  crucible.  It  is  somewhat  lighter  than  lead  (sp.  gr.  9-8), 
and  volatilises  more  readily  at  high  temperatures. 

Unlike  most  other  metals,  bismuth  is  found  chiefly  in  the  metaUic  state, 
disseminated,  in  veins,  through  gneiss  and  clay-slate.  The  chief  supply 
is  derived  from  the  mines  of  Schneeberg,  in  Saxony,  where  it  is  associated 
with  the  ores  of  cobalt. 

In  order  to  extract  the  metal  from  the  masses  of  earthy  matter  through 
which  it  ^s  distributed,  advantage  is  taken  of  its  very  low  fusing  point 

(507°  F.)  The  ore  is  broken 
into  small  pieces,  and  in- 
troduced into  iron  cylinders 
which  are  fixed  in  an  in- 
clined position  over  a  fur- 
nace (fig.  254).  The  upper 
opening  of  the  cylinders, 
through  which  the  ore  is  in- 
troduced, is  provided  with 
an  iron  door,  and  the  lower 
opening  is  closed  mth  a 
plate  of  fire-brick  perforated 
for  the  escape  of  the  metal, 
which  flows  out  when  the 
cylinders  are  heated,  into  iron  receiving  pots,  wliich  are  kept  hot  by  a 
charcoal  fii-e. 

Commercial  bismuth  generally  contains  considerable  quantities  of  arsenic, 
sulphur,  and  silver ;  it  is  sometimes  cupelled  in  the  same  manner  as  lead, 
in  order  to  extract  the  silver,  the  oxide  of  bismuth  being  afterwards  again 
reduced  to  the  metallic  state  by  heating  it  with  charcoal.  Pure  bismuth 
dissolves  entirely  and  easily  in  diluted  nitric  acid  (sp.  gr.  1  "2) ;  but  if  it 
contains  arsenic,  a  white  deposit  of  arseniate  of  bismuth  is  obtained.  Hydro- 
chloric and  diluted  sulphuric  acids  wUl  not  act  upon  bismuth. 

The  chief  use  of  bismuth  is  in  the  preparation  of  certain  alloys  with 
other  metals.  Some  kinds  of  type  metal  and  stereotjqie  metal  contam 
bismuth,  which  confers  upon  them  the  jjroperty  of  expanding  in  the 
mould  during  solidification,  so  that  they  are  forced  into  the  finest  lines  of 
the  impression. 

This  metal  is  also  remarkable  for  its  tendency  to  lower  the  fusmg  point 
of  alloys,  which  cannot  be  accounted  for  merely  by  referring  to  the  low 
fusing  point  of  the  metal  itself.  Thus,  an  alloy  of  2  parts  bismuth, 
1  part  lead,  and  1  part  tin,  fuses  below  the  temperature  of  boiUng  water, 
although  the  most  fusible  of  the  three  metals,  tin,  requires  a  teniperature 
of  442^"  F.  Bismuth  is  also  employed,  together  with  antimony,  in  the  con- 
struction of  thermo-electric  piles. 


Extraction  of  bisimitli. 
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'2m.  Oxides  of  bismuth. — Tlireo  comiioiuids  of  bismuth  with  oxygen  have  been  pre- 
pared; bisnuithoiis  oxide  BiO^,  bismuthic  osido  BiO.^,  and  bismuthic  acid  BiOg. 

Bismuthotis  oxide  (BiO^)  is  obtained  as  a  black  precipitate  by  reducing  terchloride 
of  bisanuth  with  protochlorido  of  tin  in  tlie  presence  of  an  excess  of  potash.  It  is 
easily  converted  into  bisiuuthic  oxide  wlien  heated  in  contact  with  air. 

Bismuthic  oxide,  or  teroxido  of  bismuth  (BiO,,),  is  the  basic  and  most  important 
oxide  of  the  metal.  It  is  formed  when  bismuth  is  heated  in  air,  or  when  nitrate 
of  bismutli  is  decomposed  by  heat,  and  is  a  yellow  powder  which  becomes  brown 
when  heated,  and  fuses  easily.  Bismuthic  oxide  forms  the  rare  mineral  bismuth- 
ochre. 

Bismtthic  acid  (BiOj)  is  formed  when  teroxide  of  bismuth  is  suspended  in  a  strong 
solution  of  potash  through  which  chlorine  is  passed,  when  a  red  solution  of  bis- 
muthate  of  potash  is  obtained,  and  hydrated  bismuthic  acid  (HO  .  BiOg)  is  precipi- 
tated as  a  red  powder,  which  becomes  brown  and  anliydrous  at  270°  F.  °  It  is  easily 
decomposed  by  heat,  evolving  oxygen  and  leaving  BiOg".  BiOj.  When  heated  with 
acids  it  also  evolves  oxygen,  and  forms  salts  of  bismuthic  oxide.  The  bismuthates 
of  the  alkalies  are  very  unstable,  being  decomposed  by  water. 

277.  Tlie  only  two  salts  of  bismuth,  wliich.  are  known  in  the  arts  are  the 
basic  nitrate  {trisnitrate  of  bismuth  or  flalce-white)  and  the  oxijchloride  of 
bismuth  {pearl-white).  The  preparation  of  these  compounds  illustrates  one 
of  the  characteristic  properties  of  the  salts  of  bismutli,  viz.,  the  facility 
with,  which  they  are  decomposed  by  water  with  the  production  of  in- 
soluble basic  salts. 

K  bismuth,  be  dissolved  in  nitric  acid,  it  acquires  oxygen  from  the  latter, 
and  becomes  teroxide  of  bismuth,  which,  combines  with  nitric  acid  to 
foiTn  the  nitrate  of  bismuth  (BiOg .  SJSTOg),  and  tliis  may  be  obtained  in 
prismatic  crystals  of  the  composition  BiOj.  SNO^  +  lOAq.  If  the  solu- 
tion be  mixed  with  a  large  quantity  of  water,  it  deposits  a  precipitate  of 
Jlake-ivhite  (BiO^ .  NO^  -i-  HO),  or  basic  nitrate  of  bismuth,  the  remainder 
of  the  nitric  acid  being  left  in  the  solution. 

Pearl-white  has  the  composition  BiCla .  2Bi03  +  HO,  and  is  obtained  by 
dissolving  bismuth  in  nitric  acid,  and  pouring  the  solution  into  water  in 
which  common  salt  has  been  dissolved. 

Terchloride  of  bismuth  (BiOlg)  may  be  distilled  over  when  bismutli  is  heated  in  a 
current  of  dry  chlorine  ;  it  is  a  deliquescent  fusible  solid,  easily  dissolved  by  hydro- 
chloric acid,  but  decomposed  by  water,  with  formation  of  the  above-mentioned 
oxychloride  of  bismuth;  SBiClg  -1-  6H0  =  BiClg-SBiOj  GHCl.  This  compound  is 
so  insoluble  in  water  that  nearly  every  trace  of  bismuth  may  be  precipitated  from  a 
moderately  acid  solution  of  the  terchloride  by  adding  much  water. 

Bismuthotis  sulphide  (BiS2)  is  sometimes  found  in  nature,  but  more  frequently 
bismuthic  sulphide  (BiS,)  or  bisnmth  glance,  which  occurs  in  dark-grey  lustrous  prisms 
isomorphous  with  native  sulphide  of  antimony.  It  is  also  obtained  as  a  black  pre- 
cipitate by  the  action  of  hydrosulphuric  acid  upon  bismuthic  salts.  Bismuthic  sul- 
phide is  not  soluble  in  diluted  sulphuric  or  liydrochloric  acid,  but  dissolves  easily  in 
nitric  acid. 

278.  Equivalent  and  atmnic  weights  of  bismuth. — The  analysis  of  the  chloride  of  bis- 
muth has  sliown  it  to  contain  35'5  parts  by  weight  (1  equivalent)  of  chlorine  com- 
bined with  70  parts  of  bismuth  ;  but  the  very  marked  analogy  which  exists  between 
this  chloride  and  the  terchloride  of  antimony  has  led  to  the  belief  that  it  is  also  a 
terchloride,  containing  3  equivalents  of  chlorine  combined  witli  one  equivalent  (210 
parts)  of  bismuth,  and  the  assumption  of  the  number  210  for  the  equivalent  of  bis- 
muth, will  bo  found  to  receive  confirmation  from  the  general  analogies  of  this  metal 
with  antimfjuy  and  arsenic.  The  sjjocific  heat  of  bismuth  confirms  the  conclusion 
drawn  from  the  composition  of  the  chloride,  that  the  atomic  weight  of  bismuth  is 
identical  with  its  equivalent,  or  210,  and  that  this  element  is  triatomic,  like 
nitrogen,  piiosphorus,  and  arsenic  among  tlio  non-metals.  The  atomic  formula 
tor  bismuthic  oxide  is  BigO, :  bismuthic  chloride,  BiCl, ;  bismutliic  sulphide 
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279.  Antimony  is  nearly  allied  to  bismuth  in  botli:  its  physical  and 
chemical  characters.    It  is  even  harder  and  more  brittle  than  that  metal, 
being  easHy  reduced  to  a  black  powder.    Its  highly  crystalline  structure 
is  another  very  well-marked  feature,  and  is  at  once  perceived  upon  the 
smface  of  an  ingot  of  antimony,  where  it  is  exhibited  m  beautiful  fern-like 
markings  (star  antimony).    Its  crystals  belong  to  the  same  system  the 
rhombohedral)  as  those  of  bismuth  and  arsenic.    It  is  niuch  hghter  than 
bismuth  (sp.  gr.  6-715),  and  requires  a  higher  temperature  (800   1.)  to 
fuse  it  though  it  is  more  easily  converted  into  vapour,  so  that,  when 
stroucrl'y  heated  in  air,  it  emits  a  thick  white  smoke,  the  vapour  bemg 
oxidised.    Hke  bismuth,  it  is  but  little  affected  by  hydrochloric  or  dilute 
sulphuric  acid,  but  nitric  acid  oxidises  it,  though  it  dissolves  very  httleof 
the  metal,  the  greater  part  being  left  in  the  form  of  antimonic  acid.  The 
best  mode  of  dissolving  antimony  is  to  boil  it  with  hydrochloric  acid  and 
to  add  nitric  acid  by  degrees. 

Antimony  is  chiefly  found  in  nature  as  greij  antimony  ore  or  sulphide 
of  antimony  (SbS^),  which  occurs  in  Cornwall,  but  much  more  abundantly 
in  Huno-ary.  It  is  found  in  veins  associated  with  galena,  u-on  pyrites, 
quartz,  and  heavy  spar.  In  order  to  purify  it  from  these,  advantage  is 
taken  of  its  easy  fusibility,  the  ore  being  heated  upon  the  hearth  of  a  re- 
verberatory  furnace,  with  some  charcoal  to  prevent  oxidation,  when  the 
sulphide  of  antimony  melts  and  coUects  below  the  impmities,  whence  it 
is  run  off  and  cast  into  moulds.  The  product  thus  obtained  is  known  in  com- 
merce as  crude  antimony,  and  contains  sulphides  of  arsenic,  iron,  and  lead. 

To  obtain  regulus  of  antimony  or  metallic  antimony,  the  sulphide  of 
antimony  is  sometimes  fused  in  contact  with  refuse  metaUic  u-on  (such  as 
the  clippings  of  tin-plate),  wheu  sulphide  of  iron  is  formed,  and  coUects 
as  a  fused  slag  upon  the  surface  of  the  melted  antimony — 

SbSj    +    Peg    =    3FeS    +    Sb  . 
The  antimony  thus  obtained  always  contains  a  considerable  proportion  of 


u'on. 


A  purer  product  is  procured  by  another  process,  which  consists  m 
roastint^  the  sulphide  in  a  reverberatory  furnace  at  a  temperature  msulh- 
cient  to  fuse  it,  for  about  twelve  hours,  when  most  of  the  sulphur  and 
arsenic  are  expelled  as  sulphurous  and  arsenious  acids,  carrying  with  tJiem 
a  considerable  quantity  of  oxide  of  antimony.  The  roasted  ore  has  a, 
brown-red  colour,  and  contains  both  oxide  and  sulplude  of  antimony  :  it 
is  mixed  into  a  paste  with  ^  its  weight  of  charcoal  satm-ated  with  a  strong 
solution  of  carbonate  of  soda.  The  mixtiue  is  strongly  heated  in  crucibles 
when  the  oxide  of  antimony  is  reduced  by  the  charcoal,  and  a  portion  ot 
the  sulphide,  having  been  converted  into  oxide  by  double  decomposition 
with  the  soda  (SbS,  +  3NaO  =  SbO,  +  3NaS),  is  also  reduced  the  re- 
mainder of  the  sulphide  combining  with  the  sulphide  of  sodium  to  lonn  a 
slag  which  floats  above  the  metallic  antimony ;  the  latter  is  cast  into 
ingots  for  the  market,  and  the  slag,  known  as  croais  of  antimony  (chiefly 
3NaS .  Sh8,),  is  employed  for  the  preparation  of  some  of  the  compounds 
of  the  metal. 

On  the  small  scale,  antimony  may  be  extracted  from  the  sulphide  by  fusing  it  m 
an  earthen  crucible  with  4  parts  of  commercial  cyanide  of  potassium,  at  a  moaeraie 
heat;  or  by  mixing  4  parts  of  the  sulphide  with  3  of  bitartrate  of  potash  and  i$  ot 
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nitre,  and  throwing  the  nnxture,  by  small  portions,  into  a  red-hot  crucible,  when 
the  sulphur  is  oxidised  and  converted  into  sulphate  of  potash  by  the  nitre,  which  is 
not  present  in  sufficient  quantity  to  oxidise  the  antimony,  so  that  the  metal  collects 
at  the  bottom  of  the  crucible. 

The  brittleness  of  antimony  renders  it  useless  in  the  metallic  state  ex- 
cept for  the  construction  of  thermo-electric  piles,  where  it  is  employed  in 
conjunction  with  bismuth.  Antimony  is  employed,  however,  to  harden 
several  useful  alloys,  such  as  type-metal,  slirapnel-shell  huUets,  Britannia 
metal,  and  pewter. 

Amorphous  antimony. — The  ordinary  crystalline  form  of  antimony  may  be  obtained, 
like  copper  and  other  metals,  by  decomposing  solutions  containing  the  metal  by 
transmitting  the  galvanic  current ;  but  in  some  cases  the  antimony  is  deposited  from 
very  strong  solutions  in  an  amorphous  condition,  having  properties  very  different 
from  those  of  ordinary  antimony.  The  best  mode  of  obtaining  it  in  this  form  is  to 
decompose  a  solution  of  1  part  of  tartar  emetic  (tartrate  of  antimony  and  potash)  in 
4  parts  of  a  strong  solution  of  terchloride  of  antimony  (obtained  by  heating  hydro- 
chloric acid  with  sulphide  of  antimony  till  it  refuses  to  dissolve  any  more),  by  the 
aid  of  three  cells  of  Smee's  battery,  the  zinc  of  which  is  connected  by  a  copper  wire 
with  a  plate  of  copper  immersed  in  the  antimonial  solution,  whilst  the  platinised 
silver  of  the  battery  is  connected  with  a  plate  of  antimony  in  the  same  solution,  at 
some  little  distance  from  the  copper  plate.  The  deposit  of  antimony  which  forms 
upon  the  copper  has  a  brilliant  metallic  appearance,  but  is  amorphous,  and  not  crys- 
talliue,  like  the  ordinary  metal.  If  it  be  gently  heated  or  sharply  struck,  its  tem- 
perature suddenly  rises  to  about  400°,  and  it  becomes  converted  into  a  form  more 
nearly  resembling  crystalline  antimony.  At  the  same  time,  however,  thick  fumes  of 
terchloride  of  antimony  are  evolved,  for  this  substance  is  always  present  in  the  amor- 
phous antimony  to  the  amount  of  5  or  6  per  cent.,*  so  that,  as  yet,  there  is  not  sufS- 
cient  evidence  to  establish  beyond  a  doubt  the  existence  of  a  pure  amorphous  form 
of  antimony  corresponding  to  amorphous  phosphorous,  however  probable  this  may 
appear  from  the  chemical  resemblance  between  these  elements. 

280.  Oxides  of  antimony. — There  are  two  well-known  oxides  of  anti- 
mony, the  teroxide  (SbOg)  and  antimonic  acid  (ShOJ.  Teroxicle  or  sesqui- 
oxide  of  antimony',  or  antimonic  oxide,  is  formed  when  antimony  burns  in 
air,  and  is  prepared  on  a  large  scale  by  roasting  either  the  metal  or  the 
sulphide  in  air,  for  use  in  painting  as  a  substitute  for  white  lead.  It  is 
also  found  in  nature  as  white  ardimony  ore  or  valentinite.  Antimonic 
oxide  forms  a  crystalUne  powder  usually  composed  of  mmute  prisms  having 
the  shape  of  the  rarer  form  of  arsenious  acid  (p.  251),  whilst  occasionally 
it  is  obtained  in  crystals  similar  to  those  of  the  common  octahedral 
arsenious  acid,  with  which,  therefore,  antimonic  oxide  is  isodimorp]ious.-\' 
When  heated  in  air  it  assumes  a  yellow  colour,  afterwards  takes  fire, 
smoulders,  and  becomes  converted  into  the  antimoniate  of  teroxide  of 
antimony  (SbOg.  SbO^  =  Sb04),  which  was  formerly  regarded  as  an  iude- 
pendent  oxide.  The  teroxide  is  insoluble  in  water,  but  acids  dissolve  it, 
forming  salts,  though  its  basic  properties  are  weak,  and  its  salts  rather  ill 
defined.  Potash  and  soda  are  also  capable  of  dissolving  it,  whence  it  is 
sometimes  called  antimonioun  acid.^ 

Antimonic  acid  (SbO^)  is  formed  when  antimony  is  oxidised  with  nitric 
acid ;  it  then  forms  a  white  powder,  which  should  be  well  washed  and 
dried.    Wlien  heated  it  becomes  pale  yellow,  and  is  decomposed  at  a  high 

*  It  has  been  plausibly  susgoated  that  the  sudden  rise  of  temperature  may  he  due  to  , 
the  presence  of  an  antimony  cuinpouiul  analogous  to  the  so-called  chloride  of  nitrogen,  the 
latter  element  being  connected  with  antimony  by  several  chemical  luialogies. 

t  The  octahedral  form  appears  to  be  produced  oidy  when  the  pi'ismatic  form  is  slowly 
sublimed  in  a  non-oxidising  atmosphere.  The  nnneral  cxitele  is  prismatic  oxide  of  anti- 
mony, and  smannnnlite  is  the  octahedral  form  of  that  oxide. 

X  Two  crystallised  anHmoniles  of  soda  have  been  obtained,  the  neutral  antimonite 
NaO.  SbOj  -)-  6Aq.,  and  the  terantimonite  NaO .  SShOj  -|-  2A(i. ;  the  former  is  sparingly 
soluble,  the  latter  almost  insoluble  in  water.  °  ^ 
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temperatm-e,  leaving  SbO,.  SbO^.    It  is  dissolved  by  solution  of  potash, 
forming  antimoniate  of  potasb. 

A  better  method  of  obtaining  the  antimoniate  of  potash  consists  in 
gTadually  adding  1  part  of  powdered  antimony  to  4  parts  of  nitre  fused  in 
a  clay  crucible,  when  the  oxygen  of  the  nitre  converts  the  antimony  into 
antimonic  acid,  which  combines  with  the  potash.  The  mass  is  powdered 
and  washed  with  warm  water  to  remove  the  excess  of  nitre  and  the  nitrate 
of  potash,  when  the  insoluble  anhydrous  antimoniate  of  potash  is  left ; 
and  on  boiling  this  for  an  hour  or  two  with  water,  it  becomes  hydrated 
and  dissolves.  The  solution,  when  evaporated,  leaves  a  gummy  mass  of 
antimoniate  of  x>otash,  having  the  composition  KO .  SbO^  +  5Aq. 

When  the  solution  of  antimoniate  of  potash  is  treated  mth  carbonic 
acid,  a  crystaUine  precipitate  of  biantimoniate  of  potash  (KO .  SSbO^)  is 
obtained.  If  antimoniate  of  potash  be  fused  (in  a  silver  crucible)  with 
hydrate  of  potash,  it  becomes  converted  into  metantimoniate  of  i^otash 
(2K0 .  SbOJ,  which  is  decomposed  by  water  into  potash  and  Umetan- 
timoniate  of  potash  (KO  .  HO .  SbOJ,  which  may  be  crystallised  from  the 
solution.  This  latter  salt  is  valuable  as  a  test  for  soda,  since  the  bimetan- 
timoniate  of  soda,  IsTaO  .  HO .  SbO^,  is  one  of  the  very  few  salts  of  soda 
which,  are  insoluble  in  water,  and  is  therefore  obtained  as  a  crystalline 
precipitate  when  the  bimetantimoniate  of  potash  is  added  to  a  solution 
containing  soda.  The  solution  of  bimetantimoniate  of  potash  is  gradually 
changed  by  keeping,  into  antimoniate  of  potash  (KO  .  SbO^),  wliich  does 
not  so  readily  precipitate  soda. 

It  will  be  remarked  that  the  antimoniates  correspond  in  composition 
with  the  monobasic  (or  meta)  phosphates,  whilst  the  metantimoniates 
represent  the  bibasic  (or  pyro)  phosphates. 

Naples  yellow  is  a  eompound  of  antimonic  acid  with  oxide  of  lead. 

281.  A7itimometted  hydrogen  (SbHg^)  is  obtained,  mixed  with  free  hydro- 
gen, when  an  alloy  of  zinc  and  antimony  is  acted  on  by  diluted  sulphuric 
acid,  or  when  a  solution  of  a  salt  of  antimony  (tartar  emetic,  for  example) 
is  poiu-ed  into  a  hydrogen  apparatus  containing  zinc  and  dilute  sulphuric 
acid  (fig.  255).  If  the  gas  be  inflamed  as  it  issues  into  the  air,  it  bums 
with  a  livid  flame,  emitting  fumes  of  antimonic  oxide, 
and  when  a  piece  of  glass  or  porcelain  is  depressed  in 
the  flame  (fig.  256)  it  becomes  coated  with  a  black 
film  of  metallic  antunony.  A  red  heat  decomposes  the 
gas  into  its  elements,  so  that  if  the  tube  tlirough  wliich 
it  is  passing  be  heated  with  a  spirit  lamp  (fig.  257)  a 
lustrous  black  deposit  of  anthnony  will  be  formed  just 
beyond  the  heated  part.  The  composition  of  anti- 
monietted  hydrogen  is  not  certainly  established,  since 
Fig  255  it  has  never  been  obtained  unmixed  with  hydi-ogen ; 

but  it  is  believed  to  contain  SbH^,  because,  when 
passed  into  nitrate  of  sUver,  it  gives  a  black  precipitate  contaiuiug  SbAg^. 
It  would  then  be  analogous  to  ammonia  (NH.,),  phosphuretted  hydrogen 
(PH3),  and  arsenietted  hydrogeii  (AsHj).  Very  minute 
quantities  of  antimony  are  detected  in  chemical  analysis 
by  converting  it  into  this  form. 


Fig.  256.  282.  Chlorides  ok  antimony. — Chlorine  and  anti- 

mony combine  readily,  with  evolution  of  lieat  and  light ; 
the  chlorides  are  among  the  most  important  compounds  of  this  metal. 
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Tercldoride  ov  sesquiehloride  of  antimmiii  (SbClj)  may  be  prepared  by 
distilling  3  parts  of  powdered  antimony  witli 
8  parts  of  corrosive  sublimate,  when  calomel  A 

and  an  amalgam  of  antimony  are  left,  and  ^=&<IZM~~-— IiyV  

the  terchloride  of  antimony  (boiling  at  433° 
F.)  distils  over — 

Sh,  +  4HgCl  =  SbClj  +  SbHg,  +  Hg,Cl . 

It  can  also  be  obtained  by  boiling  powdered  /^li  ''^^ 

antimony  or  sulphide  of  antimony  to  dry-  i^^S^^'^ 
ness  mth  strong  sidphuric  acid,  and  distil-  ^S^^^^ 
ling  the  sulphate  of  teroxide  of  antimony  ^^^^^^B 
thus  obtamed,  with  common  salt.    The  ter-  9'lh  '"" 

chloride  is  a  soft  grey  crystalline  fusible  257 
sohd,  whence  its  old  name  of  bidter  of  anti- 
mony. It  may  be  dissolved  in  a  small  quantity  of  water,  but  a  large 
quantity  of  water  decomposes  it,  forming  a  bulky  white  precipitate,  which 
is  an  oxycldoride  of  antimony  (SSbCl,  +  6II0  =  SbCl,.  2SbO.,  +  6HC1). 
When  hot  water  is  added  to  a  hot  solution  of  tercliloride  of  antimony  in 
hydrochloric  acid,  minute  prismatic  needles  are  deposited,  containing 
SbClj.  5SbOg,  and  formerly  called  powder  of  Atgarotli.  The  tercliloride 
of  antimony,  in  its  behaviour  with  water,  much  resembles  that  of  bismuth. 
Terchloride  of  antimony  is  occasionally  used  in  surgery  as  a  caustic ;  it  also 
serves  as  a  bronze  for  gun-barrels,  upon  which  it  deposits  a  film  of 
antimony. 

Pentachloride  of  antimony  (SbClj)  is  prepared  by  heating  coarsely 
powdered  antimony  in  a  retort,  through  which  a  stream  of  dry  chlorine  is 
passed  (fig.  199),  the  neck  of  the  retort  being  fitted  into  an  adapter,  which 
sei-ves  to  condense  the  pentachloride.  One  ounce  of  antimony  will  require 
the  chlorine  from  about  6  oz.  of  common  manganese  and  18  oz.  (measured) 
of  hydrochloric  acid.  The  pure  pentachloride  is  a  colourless  fuming 
liquid  of  a  very  suffocating  odour ;  it  combines  energetically  with  a  smaU 
quantity  of  water,  forming  a  crystalline  hydrate,  but  an  excess  of  water 
decomposes  it  into  hydrochloric  and  hydrated  metantimonic  acids,  the 
latter  forming  a  white  precipitate — 

SbCl^    +    7H0    =    5HC1    +    2H0 .  SbO,  . 

Pentachloride  of  antimony  is  employed  by  the  chemist  aa  a  clilormating 
agent ;  thus,  olefiant  gas  (C^H^)  when  passed  tlirough  it,  is  converted  into 
Dutch  liquid  (C^H^C1„),  and  carbonic  oxide  into  phosgene  gas,  the  penta- 
chloride of  antimony  being  converted  into  terchloride. 

The  pentachloride  of  antimony  is  the  analogue  of  pentachloride  of 
phosphorus,  and  a  cldorosidpliide  of  antimony  (SbCl^SJ,  corresponding  to 
chlorosidphidc  of  phosphorus,  is  obtained  as  a  white  crystalline  solid  by 
the  action  of  hydrosulphm-ic  acid  upon  pentachloride  of  antimony. 

283.  Sulphides  of  antimony. — The  tersidpliide  or  sesqidsidph.ide  of 
antimony  (HbSg)  has  been  noticed  as  the  chief  ore  of  antimony.  It  is  a 
heavy  mineral  (sp.  gr.  4-63)  of  a  dark-grey  colour  and  metallic  lustre 
occurring  in  masses  which  are  made  up  of  long  prismatic  needles.  It  fuses 
easily,  and  may  be  sul)limed  unchanged  out  of  contact  with  air.  It  is 
easily  recognised  by  heating  it,  in  powder,  Avith  hydrochloric  acid,  when 
it  evolves  the  odour  of  hydrosulphuric  acid,  and  if  the  solution  be  poured 
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into  water,  it  deposits  an  orange  precipitate.  This  orange  sulphide,  which 
has  the  same  composition  as  the  grey  sulphide,  is  also  obtained  by  adding 
hydrosulphuric  acid  to  a  solution  of  a  salt  of  antimony  (for  example,  tartar- 
emetic)  acidulated  with  hydrochloric  acid.  It  may  be  converted  into  the 
grey  sulpiride  by  the  action  of  heat.  The  orange  variety  constitutes  the 
'antimony  vermilion,  the  preparation  of  which  has  been  described  at  p.  213. 
Native  tersulphide  of  antimony  is  employed,  in  conjunction  with  chlorate 
of  potash,  in  the  fridion-tuhe  for  firing  cannon ;  it  is  also  used  in  per- 
cussion caps,  together  with  chlorate  of  potash  and  fulminate  of  mercury. 
Its  property  of  deflagTating  with  a  bluish-white  flame  when  heated  mth 
nitre  renders  it  useful  in  compositions  for  coloured  fires. 

Gla.ss  of  antimony  is  a  transparent  red  mass  obtained  by  roasting  the 
tersulphide  of  antimony  in  air,  and  fusing  the  product ;  it  contains  about 
8  parts  of  teroxide  and  1  part  of  tersulphide  of  antimony. 

Red  antimony  ore  is  an  oxysulphide  of  antimony,  SbOg .  SSbSj  . 

PentasulpUde  of  antimony  (SbS^)  is  obtained  as  a  bright  orange-red 
precipitate  by  the  action  of  hydrosulphuric  acid  upon  a  solution  of  penta- 
cliloride  of  antimony  in  hydrochloric  acid. 

Both  the  sulphides  of  antimony  are  sulphur-acids,  capable  of  combining 
with  the  alkahne  sulphides  to  form  siilphantimoiiites  and  sidpliantimoniates 
respectively.  Hence  they  are  easily  dissolved  by  alkalies  and  alkaline 
sulphides.  Even  metallic  antimony,  in  powder,  is  dissolved  when  gently 
heated  with  solution  of  sulphide  of  potassium,  in  which  sulphur  has  been 
dissolved,  any  lead  or  iron  which  may  be  present  being  left  in  the  residue, 
so  that  the  antimony  may  be  tested  by  this  process  as  to  its  freedom  from 
those  metals. 

Mineral  kerrnes  is  a  variable  mixture  of  teroxide  and  tersulphide  of 
antimony,  which  is  deposited  as  a  reddish-brown  powder  from  the  solution 
obtained  by  boiling  tersulphide  of  antimony  with  potash  or  soda.  It  was 
formerly  much  valued  for  medicinal  purposes. 

Sclili]ppe's  salt  is  the  sulphantimoniate  of  sulpiride  of  sodium 
(SlSTaS ,  SbSj ,  1 8H0)  and  may  be  obtained  in  fine  transparent  tetrahedral 
crystals. 

284.  Equivalent  and  atomic  loeights  of  antimony. — ^The  solid  chloride  of 
antimony  (terchloride)  has  been  found  to  contain  35*5  parts  by  weight 
(1  eq.)  of  chlorine,  combined  with  40-66  parts  of  antimony,  so  that  if  this 
chloride  be  assumed  to  contain  1  equivalent  of  antimony,  combined  with 
one  of  chlorine,  the  equivalent  weight  of  the  metal  would  be  40-66.  But, 
upon  this  supposition,  the  liquid  (penta-)cliloride  would  contain  1  eq. 
of  antimony  and  If  eq.  of  chlorine,  whilst  the  analogy  of  this  chloride 
with  pentachloride  of  phosphorus  shows  that  it  must  contain  5  eqs.  of 
chlorine,  and  that  the  solid  chloride  must  contain  3  eqs.  of  chlorine  com- 
bined with  1  eq.  of  antimony ;  hence,  the  equivalent  weight  of  antimony 
is  122. 

The  specific  heat  of  antimony,  and  its  isomorphism  with  arsenic,  show 
that  its  atomic  weight  is  identical  with  its  equivalent,  so  that  it  usually 
acts  the  part  of  a  triatomic  element,  occupying  the  place  of  three  atoms 
of  hydrogen. 

The  weight  of  1  volume,  or  specific  gravity,  of  the  vapour  of  terchloride 
of  antimony,  has  been  found  to  be  8-1.  Assuming  it  to  have  a  normal 
constitution,  and  to  contain,  in  2  volimies,  1  vol.  of  antimony  vapour  and 
3  vols,  of  chlorine,  the  specific  gra\'ity  of  vapour  of  antimony  Avould  =  8-79. 
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Weight  of  2  vols,  vapour  of  SbCl^,     .       .  16-20 
„       3  vols,  chlorine,        .       .       .       7 '41 


„       1  vol.  of  antimony  vapour,         .  8-79 

The  weight  of  1  vol.  of  antimony  vapour,  therefore,  would  be  rather  more 
than  122  times  that  of  1  vol.  of  hydrogen,  so  that  this  number  may  be 
accepted  as  the  atomic  weight  of  the  metal.  The  atomic  formulca  of 
some  of  the  chief  compoimds  of  antimony  are— antimonic  oxide,  Sb.,©., ; 
antimonic  acid,  Sb,0-;  sulphantimonious  acid,  Sb.,93;  sulphantimonic 
acid,  Sb^Sg ;  terchloride  of  antimony,  SbClg ;  pentachloride,  SbCl^ . 

The  equivalent  of  antimony  was  formerly  taken  at  half  its  present  value, 
whence  the  names  of  sesquichloride,  &c.,  instead  of  terchloride,  &c. 

TIN. 

285.  Tin  is  by  no  means  so  widely  diffused  as  most  of  the  other  metals 
which  are  largely  used,  and  is  scarcely  ever  found  in  the  metallic  state  in 
natiu-e.  Its  only  important  ore  is  that  known  as  tin-stone,  which  is  a 
binoxide  of  tin  (SnOJ,  and  is  generally  found  in  veins  traversing  quartz, 
granite,  or  slate.  It  is  generally  associated  with  arsenical  iron  pyrites, 
and  with  a  mineral  called  wolfram,  which  is  a  compound  of  tungstic  acid 
(WO3)  with  the  oxides  of  iron  and  manganese. 

Tin-stone  is  sometimes  found  in  aUuvial  soils  iu  the  form  of  detached 
rounded  masses ;  it  is  then  caUed  stream  tin  ore,  and  is  much  purer  than 
that  found  in  veins,  for  it  has  undergone  a  natural  process  of  oxidation 
and  levigation  exactly  sunilar  to  the  artificial  treatment  of  the  impure  ore. 
These  detached  masses  of  stream  tin  ore  are  not  unfrequently  rectangTdar 
prisms  with  pp'amidal  terminations. 

The  Cornish  mines  furnish  the  largest  supplies  of  tin,  and  those  of 
Malacca  and  Banca  stand  next.  At  the  Cornish  tin-works  the  pui-er 
portions  of  the  ore  are  picked  out  by  hand,  and  the  residue,  wliich  contains 
quartz  and  other  earthy  impurities,  together  with  copper  pyrites  and 
arsenical  iron  pyrites,  is  reduced  to  a  coarse  powder  in  the  stamping-mUls, 
and  washed  in  a  stream  of  water.  The  tin-stone,  being  extremely  hard, 
is  not  reduced  to  so  fine  a  powder  as  the  pyritous  minerals  associated  with 
it,  and  these  latter  are  therefore  more  readily  carried  away  by  the  stream 
of  water  than  the  tin-stone.  The  removal  of  the  foreign  matters  from  the 
ore  is  also  much  favoured  by  the  high  specific  gravity  of  the  binoxide  of 
tin,  which  is  6-5,  whilst  that  of  sand  or  quartz  is  only  2-7,  so  that  the 
latter  would  be  carried  ofi'  by  a  stream  wliich  woidd  not  disturb  the  former. 
So  easily  and  completely  can  this  separation  be  effected,  that  a  sand  con- 
taining less  than  one  per  cent,  of  tin-stone  is  foimd  capable  of  being 
economically  treated. 

In  order  to  expel  any  arsenic  and  sulphur  which  may  stiU  remain  in 
the  washed  ore,  it  is  roasted  in  quantities  of  8  or  10  cwts.  in  a  reverbera- 
tory  furnace,  when  the  sulphur  is  disengaged  in  the  form  of  sulphurous 
acid,  and  the  arsenic  in  that  of  arsenious  acid,  the  iron  being  left  in  the 
state  of  scsquioxido,  and  the  copper  partly  as  sulpliate  of  copper,  partly 
as  unaltered  sulphide.  I'o  complete  the  oxidation  of  the  insoluble  sulpiride 
of  copper,  and  its  conversion  into  the  'soluble  sulphate,  the  roasted  ore  is 
moistened  with  water  and  exposed  to  tlie  air  for  some  days,  after  which 
the  whole  of  the  copper  may  be  removed  by  again  washing  with  water. 
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A  second  washing  in  a  stream  of  water  also  removes  tlie  sesquioxide  ol' 
iron  in  a  state  of  suspension,  and  this  is  much  more  easUy  effected  than 
when  the  iron  was 'in  the  form  of  pyrites,  since  the  difference  between  the 
specific  gravity  of  tliis  mineral  (5-0)  and  that  of  the  tin-stone  (6-5)  is  far 
less  than  that  between  sesquioxide  of  iron  and  tin-stone. 

The  ore  thus  purified  contains  between  60  and  70  per  cent,  of  tin  ;  it 
is  mixed  very  iiitmiately  mth  about  ^  of  powdered  coal,  and  a  little  lime 
or  fluor  spar  to  form  a  fusible  slag  with  the  earthy  impurities  ;  the  mixtui-e 
is  sprinkled  Avith  water  to  prevent  its  dispersion  by  the  draught  of  air, 
and  thrown  on  the  hearth  (A,  fig.  258)  of  a  reverberatory  furnace,  in 
charges  of  between  20  and  25  cwts. 

The  temperatm'e  is  not  permitted 
to  rise  too  high  at  first,  lest  a  portion 
of  the  oxide  of  tin  should  combine 
with  the  siHcic  acid  to  form  a  sili- 
cate, from  which  the  metal  would 
be  reduced  with  difficulty. 

During  the  first  6  or  8  hours  the 
doors  of  the  furnace  are  kept  shut, 
so  as  to  exclude  the  ah-  and  favour 
the  reducing  action  of  the  carbon 
upon  the  binoxide  of  tin,  the  oxy- 
gen of  which  it  converts  into  car- 
bonic oxide,  leaving  the  tin  in  the 
metallic  state  to  accumulate  upon 
the  hearth  beneath  the  layer  of  slag. 
When  the  reduction  is  deemed  com- 
plete, the  mass  is  well  stirred  witli 
an  iron  paddle  to  separate  the  metal 
from  the  slag ;  the  latter  is  rim  out 
first,  and  the  tin  is  then  drawn  off 
into  an  iron  pan  (B),  where  it  is 
allowed  to  remain  at  rest  for  the 
dross  to  rise  to  the  surface,  and  is  ladled  out  into  ingot-moulds. 

The  slags  drawn  out  of  the  smeltmg-furnace  are  carefuUy  sorted,  those 
which  contain  much  oxide  of  tin  being  worked  up  with  the  next_  charge  of 
ore,  whilst  those  in  which  globules  of  metaUic  tin  are  dissemmated  are 
crushed,  so  that  the  metal  may  be  separated  by  washing  m  a  stream  of 
water. 

The  tin,  when  first  extracted  from  the  ore,  is  far  from  piwe,  bemg  con- 
taminated with  smaU  quantities  of  iron,  arsenic,  copper,  and  tun^ten. 
In.  order  to  purify  it  from  these,  the  ingots  are  piled  mto  a  hollow  heap 
near  the  fire-bridge  of  a  reverberatory  furnace,  and  gradually  heated  to  the 
fusing  point,  when  the  greater  portion  of  the  tin  flows  into  an  outer  basm, 
whilst  the  remainder  is  converted  into  the  binoxide,  wluch  remains  as 
dross  upon  the  hearth,  together  with  the  oxides  of  iron,  copper,  and  tung- 
sten, the  arsenic  having  passed  off  in  the  form  of  arsenious  acid.  Iresh 
ingots  of  tin  are  introduced  at  intervals,  untH  about  5  tons  of  the  metal 
have  collected  in  the  basin,  which  is  commonly  the  case  in  about  an  hour 
after  the  commencement  of  the  operation. 

The  specific  gi-avity  of  tin  being  very  low  (7-285),  any  dross  wlucH 
may  still  remain  mingled  with  it  does  not  separate  very  readily;  to 
obviate  this,  the  molten  inctal  is  well  agitated  by  stirring  with  wet 
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wooden  polos,  or  lowering  billets  of  wet  wood  into  it,  when  tho  evolved 
bubbles  of  steam  carry  the  impurities  up  to  tlie  surfeco  in  a  kind  of  froth ; 
the  stu'riug  is  continued  for  about  three  hours,  and  the  metal  is  allowed  to' 
remam  at  rest  for  two  hoiu-s,  when  it  is  skimmed  and  ladled  into  ingot- 
moidds.  It  is  found  that,  in  consequence  of  the  lightness  of  the  metal, 
and  Its  tendency  to  separate  from  the  other  metals  with  which  it  is  con- 
tiimmated,  the  ingots  which  are  cast  from  the  metal  fcst  ladled  out  of  the 
pot  are  purer  than  those  from  the  bottom ;  this  is  shown  by  striking  the 
hot  ingots  vnth  a  hammer,  when  they  break  up  into  the  irregular  prismatic 
fragments  known  as  drojjped  or  grain-iin,  the  impiu:e  metal  not  exhibiting 
tins  extreme  brittleness  at  a  high  temperatui-e.  The  tin  imported  from 
Bauca  is  celebrated  for  its  purity  {Straits  tin). 

When  the  tin  ore  contains  wolfram,  it  is  usual  to  purify  it  before  smelt- 
mg,  by  fusion  with  carbonate  of  soda  in  a  reverberatory  furnace,  when 
tlie  tungstic  acid  is  converted  into  tungstate  of  soda,  which  is  dissolved 
out. by  water  and  crystaUised.  This  salt  finds  an  appHcation  in  calico- 
prmting. 

On  the  small  scale,  tin  may  be  extracted  from  tin-stone,  by  fusino-  100 
grains  with  20  grains  of  dried  carbonate  of  soda,  and  20  of  dried  borax, 
in  a  crucible  lined  with  charcoal,  exactly  as  in  the  extraction  of  iron 
{see  p.  321). 

286.  By  its  physical  characters,  tin  is  very  readily  distinguished  from 
other  metals.  If  a  bar  of  tin  be  bent,  it  emits  a  pecuHar  cracHing  sound. 
With  the  exception  of  lead  and  zinc,  it  is  the  least  tenacious  of  all  the 
metals  m  common  use;  its  ductiHty  is  therefore  very  low,  and  lead  is  the 
only  common  metal  which  is  more  difficult  to  draw  into  wii-e  at  the 
ordinary  temperature.    Tin  may,  however,  be  drawn  at  212°  F. 

In  fusibility,  tin  sm-passes  all  the  other  common  metals,  becoming  liquid 
at  442°  F.,  but  it  is  not  easily  vaporised.  Its  malleability  is  also  very 
great,  only  gold,  silver,  and  copper  exhibiting  tliis  quality  in  a  higher 
degree.  This  malleability  is  shown  in  the  manufacture  of  tin-foil,  where 
plates  of  the  best  tin  are  hammered  down  to  a  certain  thinness,  then  cut 
up,  laid  upon  each  other,  and  again  beaten  tiU  extended  to  the  required 
degree. 

Tm-plate,  it  must  be  remembered,  is  made  in  a  very  different  way,  by 
coatmg  sheets  of  iron  with  a  layer  of  tin ;  the  best  kind,  known  as  hlock 
tm,  being  that  which  is  covered  with  the  thickest  layer  of  tin,  and  after- 
wards hammered  upon  a  polished  anvil  in  order  to  consolidate  the  coating 
and  make  it  adhere  more  firmly.    Tin,  being  unaltered  by  exposure  to  air 
at  the  ordinary  temperature,  Avill  efi'ectually  protect  the  iron  from  rust  as 
long  as  the  coating  of  tin  is  perfect,  but  as  soon  as  a  portion  of  the  tin  is 
removed  so  as  to  leave  the  iron  exposed,  corrosion  will  take  place  very 
rapidly,  because  the  two  metals  form  a  galvanic  couple,  wliich  wUl  decom- 
pose the  water  (charged  with  carbonic  acid)  deposited  upon  them  from 
the  air,  and  the  iron,  having  the  greater  attraction  for  oxygon,  will  bo  the 
metal  attacked.    In  the  case  of  galvanised  iron  (coated  with  zinc),  on  the 
contrary,  the  zinc  would  be  the  metal  attacked,  and  hence  the' greater 
durabdity  of  this  material  under  certain  conditions. 

For  the  maiudacture  of  tin-plate,  the  very  best  iron  refined  Avitli  char 
coal  {see  p.  310)  is  employed,  and  the  most  important  part  of  the  process 
consists  in  cleansing  the  iron  plates  from  every  trace  of  oxido  wliicli  would 
prevent  the  adhesion  of  tho  tin.    To  clTect  tliis  they  are  made  to  undergo 
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several  processes,  of  wliicli  the  most  important  are— (1),  immersion  in 
dniited  sulphuric  acid ;  (2),  heating  to  redness;  (3),  hammcnng  and  roll- 
ing to  scale  off  the  oxide ;  (4),  steeping  in  sour  hran ;  (5),  immersion  in 
mfxed  diluted  sidphuric  and  hycbochloric  acids;  (6),  scoiumg  with  bran; 
(7),  washing  with  water  ;  they  are  then  dried  lor  an  hour  in  a  vessel  of 
melted  tallow  which  prevents  contact  of  ah-,  and  immersed  for  an  hour 
and  a  half  m  melted  tin,  the  sui-face  of  which  is  protected  from  oxidation 
bv  taHow  ;  after  di-aining,  they  are  dipped  a  second  time  into  the  tin  to 
thicken  the  layer ;  then  transferred  to  a  bath  of  hot  tallow  to  aUow  the 
superliuous  tm  to  run  down  to  the  lower  edge,  whence  it  is  afterwards 
removed  by  liquefying  it  in  a  vessel  of  melted  tin,  and  shaking  it  off  by  a 
sharp  blow.    About  8  lbs.  of  tin  are  required  to  cover  225  plates,  weigh- 

mg  112  lbs.  „  .        -,  1    1     T    4.-  • 

Terne-plate  is  iron  coated  with  an  alloy  of  tin  and  lead.  In  turning 
the  interior  of  copper  vessels,  in  order  to  prevent  the  contamination  ot 
food  with  the  metal,  the  surface  is  first  thoroughly  cleaned  from  oxide 
by  heating  it  and  rubbing  over  it  a  little  sal-ammoniac  (hydrochlorate 
of  ammonia,  NHj.HCl),  which  decomposes  any  oxide  ^^PP^'' 
vertino-  it  into  the  volatile  chloride  of  copper  (CuO  +  N Hg .  JlUi  - 
CuCl  +  HO  -1-  NH,).  A  little  resin  is  then  spruikled  upon  the  metaUic 
surface,  to  protect  it'  from  oxidation,  and  the  melted  tin  is  spread  over 

it  with  tow.  .,1 
Pms  (made  of  brass  wire)  are  coated  Avith  tm  by  boihng  them  mtli 
cream  of  tartar  (bitartrate  of  potash),  common  salt,  alum,  granulated  tm, 
and  water ;  the  tin  is  oxidised  at  the  expense  of  the  water,  and  is  then  . 
dissolved  by  the  acid  liquid,  from  which  solution  it  is  reduced  by  the 
action  of  the  zmc  in  the  brass,  for  zinc  is  more  highly  electro-positive  than 
tin,  and  is  therefore  capable  of  precipitating  the  metal  from  its  solutions. 

287.  Alloys  of  fm.— The  solder  employed  for  tin  wares  is  an  alloy  of 
tin  and  lead 'in  various  proportions,  sometimes  containing  2  parts  of  tm 
to  1  of  lead  (fine  solder),  sometimes  equal  weights  of  the  two  metals 
common  solder),  and  sometimes  2  parts  of  lead  to  1  of  tin  (coarse  solder). 
All  these  aUoys  melt  at  a  lower  temperature  than  tin,  and,  therefore,  than 
lead.  In  applying  solder,  it  is  essential  that  the  surfaces  to  be  united  be 
quite  free  from  oxide,  which  woidd  prevent  the  adhesion  of  the  solder; 
this  is  insured  by  the  application  of  sal-ammoniac,  or  of  hydrocliloric 
acid,*  or  sometimes  of  powdered  borax,  remarkable  for  its  ready  fusibdity 
and 'its  solvent  power  for  the  metallic  oxides.  ,  -n  •, 

Tin  forms  the  chief  part  of  the  alloys  known  as  pewter  and  hntannia 
metal,  the  former  being  composed  of  about  4  parts  of  tm  and  1  of  lea( , 
whilst  the  latter  contains,  in  addition  to  the  tm,  comparatively  small 
quantities  of  antimony,  copper,  and  lead.  Another  sunilar  aUoy  is  com- 
posed of  12  parts  of  tin,  1  of  antimony,  and  a  little  copper.  _  _ 

Gun  metal  is  an  aHoy  of  90-5  parts  of  copper  with  9-5  of  tm,  especially 
valuable  for  its  tenacity,  liardness,  and  fusibility.  In  preparmg  tins 
aUoy,  it  is  usual  to  melt  the  tin,  m  the  first  place,  with  twice  its  weight 
of  copper,  when  a  white,  hard,  and  extremely  brittle  aUoy  {hard  metal)  is 
obtained.  The  remainder  of  the  copper  is  fused  m  a  deoxidismg  Haine 
on  the  hearth  of  a  revcrberatory  furnace,  and  the  hard  metal  thoroughij 
mixed  with  it,  long  wooden  stirrers  being  employed.    A  quantity  of  oici 

*  Tt  is  custoTTiary  to  kill  the  liydrocliloric  aoiil  by  (lissolving  sonic  zinc  in  it.  The 
I'hloi  ide  of  zinc  is  probalily  nsei'ul  in  protecting  tlie  worlc  I'roui  oxidation. 
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<,'ini  metal  is  wsxmWj  melted  witlx  the  copper,  and  facilitates  the  mixing  of 
the  metals.  AVhen  the  metals  are  thoroughly  mixed,  the  oxide  is  re- 
moved from_  the  surface,  and  the  gun  metal  is  run  into  moulds  made  of 
loam,  the  stm-ing  heing  continued  during  the  running,  in  order  to  prevent 
tlie  separation,  to  which  this  alloy  is  very  liable,  of  a  white  alloy  contain- 
ing a  larger  proportion  of  tin,  which  has  a  lower  specific  gravity,  and 
would  chiefly  collect  in  the  upper  part  of  the  casting.  In  casting  cannon 
(erroneously  called  brass  guns),  the  mould  is  placed  perpendicularly  with 
the  muzzle  upwards,  the  upper  part  of  tlie  mould  being  about  3  feet 
longer  than  is  required  for  the  gun,  so  that  a  superfluous  cylinder  of  metal 
or  dead-head  is  formed,  in  which  the  separated  alloy  collects,  together 
with  any  oxide  or  cboss  which  may  have  run  out  with  the  metal ;  pro- 
bably, also,  the  weight  of  this  column  of  metal  hastens  the  solidification 
and  hinders  the  separation  of  the  metals,  at  the  same  time  increasing  the 
density  and  consequent  tenacity  of  the  metal  at  the  breech  of  the  gun; 
this  dead-head  is  cut  off  before  the  gun  is  turned  and  bored.  The  metal 
is  run  into  the  mould  at  a  temperatui-e  as  near  its  point  of  solidification  as 
possible,  so  as  to  diminish  the  chance  of  separation.  The  purest  commer- 
cial qualities  of  copper  and  tin  are  always  employed  in  gun  metal. 

Bro7ize  is  essentially  an  alloy  of  copper  and  tin,  containing  more  tin 
than  gun  metal;  its  composition  is  varied  according  to  its  application, 
small  quantities  of  zinc  and  lead  being  often  added  to  it.  Bronze  is 
affected  by  changes  of  temperature,  in  a  manner  j)recisely  the  reverse 
of  that  in  which  steel  is  influenced,  for  it  becomes  hard  and  brittle 
when  allowed  to  cool  slowly,  but  soft  and  malleable  when  quickly  cooled. 
The  art  of  making  bronze  was  practised  before  any  progi-ess  had  been 
made  in  working  iron,  and  ancient  weapons  were  very  commonly  of  this 
material. 

Bronze  coin  (substituted  for  the  copper  coinage)  is  composed  of  95- 
copper,  4  tin,  and  1  zinc. 

Bell  metal  is  an  alloy  of  about  4  parts  of  copper  and  1  of  tin,  to  wliich 
lead  and  zinc  are  sometimes  added.  The  metal  of  which  musical  instru- 
ments are  made  generally  contains  the  same  proportions  of  copper  and  tin 
as  bell  metal. 

Specuhim  metal,  employed  for  reflectors  in  optical  instruments,  consists 
of  2  parts  of  copper  and  1  of  tin,  to  which  a  little  zinc,  arsenic,  and 
silver  are  sometimes  added  to  harden  it  and  render  it  susceptible  of  a  high 
pohsh. 

A  superior  kind  of  ty2ie  metal  is  composed  of  1  part  of  tin,  1  of  anti- 
mony, and  2  of  lead. 

Tin  is  not  dissolved  by  nitric  acid,  but  is  converted  into  a  white 
powder,  the  binoxide  of  tin ;  hydrochloric  acid  dissolves  it  Avitli  the  aid 
of  heat,  evolving  hydrogen ;  but  the  best  solvent  for  tin  is  a  mixture  of 
hydrncliloric  with  a  little  nitric-acid.  When  the  metal  is  acted  ujoon  by 
hydrochloric  acid,  it  assumes  a  crystalline  appearance,  which  has  been 
turned  to  account  for  ornamenting  tin-plate.  If  a  piece  of  common  tin- 
])latc  be  rubbed  over  with  tow  dipped  in  a  warm  mixture  of  liydrochloi'ic 
and  nitric  acids,  its  surface  is  very  prettily  diversified  {moire  metalltqiie)  ; 
it  is  usual  to  cover  the  surface  with  a  coloured  transparent  varnisli.  ' 

Commercial  tin  is  liable  to  contain  minute  quantities  of  lead  iron 
copper,  arsenic,  antimony,  bismuth,  gold,  molybdenum,  and  tungsten' 
Pure  tin  may  be  precipitated  in  ciystals  by  the  feeble  galvanic  current 

2  H  2 
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excited  by  immersing  a  plate  of  tin  in  a  strong  solution  of  stannous 
chloride,  covered  -vvitli  a  layer  of  water,  so  that  the  metal  may  he  in  con- 
tact with  both  layers  of  liquid. 

288.  Oxides  of  tiist. — Two  oxides  of  this  metal  are  known — the  prot- 
oxide, SnO,  and  the  binoxide,  SnO^. 

Protoxide  of  tin  (SnO),  or  stannous  oxide,  is  a  substance  of  little  prac- 
tical importance,  obtained  by  decomposing  stannous  chloride  with  an 
alkali.  Its  colour  varies,  according  to  the  mode  of  preparing  it,  fronr 
black  or  olive-coloured  to  red.  It  is  a  feebly  basic  oxide,  and  therefore 
dissolves  in  the  acids ;  it  may  also  be  dissolved  by  a  strong  solution  of 
potash,  but  is  then  easily  decomposed  into  metaUic  tin  and  the  binoxide 
which  combines  with  the  potash. 

Binoxide  of  tin  (SnO^),  or  stannic  oxide,  has  been  mentioned  as  the 
chief  ore  of  tin,  and  is  formed  when  tin  is  heated  in  air.  Tiv^stone  or 
cassiterite,  as  the  natural  form  of  this  oxide  is  called,  occurs  in  very  hard, 
square  prisms,  usually  coloured  brown  by  peroxide  of  iron.  In  its  insolu- 
bility in  acids  it  resembles  crystalhsed  silica,  and,  like  that  substance,  it 
forms,  when  fused  with  alkahes  or  their  carbonates,  compounds  which  are 
soluble  in  water ;  these  compounds  are  termed  stannates,  the  binoxide  of 
•  tin  being  known  as  stannic  acid. 

Stannate  of  soda  is  prepared,  on  the  large  scale,  for  use  as  a  mordant 
by  calico-printers.  The  prepared  tin  ore  (p.  384)  is  heated  with  solution 
of  hydrate  of  soda,  and  boiled  down  till  the  temperature  rises  to  500°  or 
600°  F.  ;  or  the  tin  ore  is  fused  with  nitrate  of  soda,  when  the  nitric  acid 
is  expelled.  It  crystallises  easily  in  hexagonal  tables  having  the  compo- 
sition NaO .  SnOg,  4Aq.,  which  dissolve  easily  in  cold  water,  and  are 
partly  deposited  again  when  the  solution  is  heated.  Most  neutral  salts  of 
the  alkalies  also  cause  a  separation  of  stannate  of  soda  from  its  aqueous 
solution.  The  solution  of  stannate  of  soda  has,  like  the  silicate,  a  strong 
alkaline  reaction,  and  when  neutralised  by  an  acid,  yields  a  precipitate  of 
liydrated  stannic  acid,  HO  .  SnO^.  If  the  solution  of  stannate  of  soda  be 
added  to  an  excess  of  hydrochloric  acid,  the  stannic  acid  remains  in  solu- 
tion, and  if  the  liquid  be  dialysed  (see  p.  104),  a  jelly  is  first  formed,  which 
gradually  liquefies  as  the  chloride  of  sodium  diffuses  away,  and  eventually 
a  pure  aqueous  solution  of  stannic  acid  is  obtained,  which  is  very  easily 
gelatinised  by  the  addition  of  a  minute  quantity  of  hydi-ochloric  acid,  or 
of  some  neutral  salt.  The  great  similarity  between  stannic  and  sihcic 
acids  is  here  very  remarkable.  When  heated,  stannic  acid  is  converted  into 
metastannic  acid. 

Metastaniiic  acid  (SnjOm)  is  obtained  as  a  wliito  crystalline  hydrate  when  tin  is 
oxidised  by  nitric  acid ;  when  washed  with  water  and  dried  by  exposure  to  air,  it  lias 
the  composition  .  lOHO,  but  when  dried  at  212°  F.  it  becomes  Sn.O^^  .  6H0. 

If  more  strongly  heated,  it  assumes  a  yellowish  colour,  and  a  hardness  resembling 
that  of  powdered  tin-stone.  F^Mij  powder,  used  for  polishing,  consists  of  meta- 
stannic acid ;  as  found  in  commerce  it  generally  contains  much  oxide  of  lead.  Meta- 
stannic acid  is  insoluble  in  water  and  diluted  acids,  and  when  fiised  with  liydrated 
alkalies,  is  converted  into  a  soluble  stannate  ;  but  if  boiled  solution  of  potash  it 
is  dissolved  in  the  form  of  metastannato  of  potash,  which  will  not  crystallise,  like 
the  stannate,  but  is  obtained  as  a  granular  precipitate  by  dissolving  hydrate  of 
potash  in  its  solution.  This  precipitate  has  the  composition  KO  .  SujOm  .  4Aq. ;  it 
is  very  soluble  in  water,  and  is  strongly  alkaline.  When  it  is  heated  to  expel  the 
water,  it  is  decomposed,  and  the  potash  may  be  washed  out  with  water,  leaving  meta- 
stannic acid.    The  hydrated  metastannic  acid  may  be  distinguished  from  liydrated 
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stanuic  acid  by  the  action  of  •>rotoclilori(lo  of  tin,  wliicli  converts  it  into  tlie  yellow 
luetastaniiato  of  tin  (SnO  .  Sn^O^  .  4Aq.) 

Stamiafe  of  tin  is  ohtiiiued  as  a  yellowish  hydrato  by  boiling  protochloride  of  tin 
with  hydrated  sesquioxide  of  iron  ;  Fe^O^  +  2SuCl  ="  SnO  ,  SnOg  +  2FeCl.  It  is 
sometimes  written  SnjOg,  and  called  sesquioxide  of  tin. 

289.  Chlorides  op  tin. — The  two  chlorides  of  tin  correspond  in  com- 
position to  the  oxides. 

Stannous  chloride,  or  protochloride  of  tin  (SnCI),  is  much  used  by  dyers 
and  calico-printers,  and  is  prepared  by  dissolving  tin  in  hydrochloric  acid, 
when  it  is  deposited,  on  cooling,  in  lustrous  prismatic  needles  (SnCl .  2Aq.), 
known  as  tin  crystals  or  salts  of  tin.    The  solution  of  the  tin  is  generally 
effected  in  a  copper  vessel,  in  order  to  accelerate  the  action  by  forming 
a  voltaic  couple,  of  wliich  the  tin  is  the  attacked  metal.    When  gently 
heated,  the  crystals  lose  their  Avater,  and  are  partly  decomposed,  some 
hydrochloric  acid  being  evolved  (SnCl  -f  HO  =  SnO  +  HCl)  ;  but,  at  a 
higher  temperature,  a  great  part  of  the  chloride  may  be  distilled  in  the 
anhydrous  state ;  the  anhydrous  chloride  is  generally  prepared  by  distill- 
ing powdered  tia  with  corrosive  sublimate,  when  it  remains  in  the  retort 
as  a  brilliant  grey  solid,  which  requires  a  bright  red  heat  to  convert  it  into 
vapour.    When  water  is  poured  upon  the  crystals  of  stannous  chloride,  they 
are  only  partially  dissolved,  a  white  oxychloride  of  tin  (SnCl .  SnO  .  2Aq.) 
being  separated.    A  moderately  dilute  solution  of  stannous  cMoride  absorbs 
oxygen  from  the  air,  and  deposits  a  white  compound  of  bichloride  and 
binoxide  of  tia ;  2SnCl  +  O.3  =  SnCl^.  SnO^.     If  the  solution  contains 
much  free  hj^drochloric  acid  it  remains  clear,  being  entbely  converted  into 
bichloride  of  tin.    A  strong  solution  of  the  cliloride  is  not  oxidised  by 
the  air,  and  the  weak  solution  may  be  longer  preserved  in  contact  with 
metallic  tin.    Stannous  chloride  has  a  great  attraction  for  chlorine  as  well 
as  for  oxygen,  and  is  frequently  employed  as  a  deoxidising  or  dechlorinat- 
ing  agent.   Tin  may  be  precipitated  from  stannous  chloride  by  the  action 
of  zinc,  in  the  form  of  minute  crystals.    A  very  beautiful  tin  tree  is 
obtained  by  dissolving  granulated  tin  in  strong  hydrochloric  acid,  with 
the  aid  of  heat,  in  the  proportion  of  8  measured  oz.  of  acid  to  1000  grs. 
of  tin,  diluting  the  solution  with  four  times  its  bulk  of  water,  and  intro- 
ducing a  piece  of  zinc. 

Stannic  chloride,  or  bichloride  of  tin  (SnCl^),  is  obtained  in  solution 
when  tin  is  heated  with  hydrochloric  and  nitric  acids ;  for  the  use  of  the 
dyer,  the  solution  is  generally  made  with  hydrochlorate  of  ammonia  (sal- 
ammoniac)  and  nitric  acid  [nilromuriata  of  tin).  The  anhydrous  bichloride 
is  obtained  by  heating  tin  in  a  current  of  dry  chlorine,  when  combination 
takes  place  with  combustion,  and  the  bichloride  distils  over  as  a  heavy 
(sp.  gr.  2-28)  colomiess  liquid,  volatile  (boiling  point,  240°  '¥.),  and  giving 
suffocating  white  fumes  in  the  air.  When  mixed  with  a  little  water, 
energetic  combination  takes  place,  and  a  crystalline  hydi-ate  (SnCl^.  5Aq.) 
is  formed,  which  is  decomposed  by  an  excess  of  water,  with  separation  of 
hydrated  stannic  acid.  Stannic  chloride  forms  crystallisable  double  salts 
with  the  alkaline  chlorides.  Pink  salt,  used  by  dyers,  is  a  compound  of 
stannic  chloride  with  hydrochlorate  of  ammonia  (NHg .  HCl .  SnClJ. 

290.  Sulphides  of  tin. — The  profosulphide,  or  stannous  sulphide  (SnS), 
is  found  in  Cornwall  as  tin  iryrites,  and  may  be  easily  prepared  by  heating 
tin  with  sulphur,  when  it  forms  a  grey  crystalline  mass.  It  is  also 
obtained  as  a  dark  brown  precipitate  by  the  action  of  hydi'osulphuric  acid 
upon  a  solution  of  stannous  chloride.    rrotosul])hidc  of  tin  is  a  sulphur- 
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base,  but  it  may  bo  dissolved  by  alkalies  if  some  sulpbur  be  added,  which 
converts  it  into  the  bisulphide,  a  decided  sulphur  acid. 

Bisulphide  of  tin,  or  stannic  siaiMde  (SnS,),  is  commonly  known  as 
viosaic  gold  or  hronze  poioder,  and  is  used  for  decorative  purposes.  It  is 
prepared  by  a  curious  process,  which  was  devised  m  1771,  and  must  have 
been  the  result  of  a  number  of  trials.  12  parts  by  weight  of  tm  are  dis- 
solved in  6  parts  of  mercury;  the  brittle  amalgam  thus  obtamed  is 
powdered  and  mixed  witb  7  parts  of  sulijhur  and  6  of  sal-ammoniac. 
The  mixture  is  introduced  into  a  Florence  flask,  which  is  gently  heated 
in  a  sand-bath  as  long  as  any  smeU  of  hydrosulphuric  acid  is  evolved ; 
the  temperatm-e  is  then  raised  to  dull  redness  until  no  more  fumes  are 
disengaged.  The  mosaic  gold  is  found  in  beautiful  yellow  scales  at  the 
bottom  °of  the  flask,  and  sulphide  of  mercury  and  calomel  are  deposited  in 
the  neck.  The  mercury  appears  to  be  used  for  effecting  the  fine  di\dsion 
of  the  tin,  and  the  sal-ammoniac  to  keep  down  the  temperature  (by  its 
volatilisation)  below  the  point  at  which  the  bisulphide  of  tin  is  converted 
into  protosulphide. 

Mosaic  gold,  like  the  metal  itself,  is  not  dissolved  by  hydrochloric  or 
nitric  acid,  but  easily  by  aqua  recjia.  Alkalies  also  dissolve  it  when 
heated,  since  the  bisulphide  of  tin  is  a  sulphur  acid.  On  adding  hydro- 
sulphuric  acid  to  a  solution  of  stannic  chloride,  the  stannic  sulphide  is 
obtained  as  a  yellow  precipitate. 

291.  Equivalent  and  atomic  weights  of  tin.— When  tin  is  oxidised  by 
nitric  acid,  8  parts  by  weight  (1  eq.)  of  oxygen  are  taken  up  by  29-5  parts 
of  the  metal,  and  if  the  oxide  thus  formed  be  composed  of  single  equivalents, 
29-5  must  be  the  equivalent  weight  of  tin;  but  the  existence  of  another 
oxide,  containing  only  balf  as  much  oxygen,  and  the.  analogies  between 
the  first  mentioned  oxide  and  silicic  acid  (Si02),  lead  to  the  conclusion 
that  the  oxide  obtained  by  the  action  of  nitric  acid  is  a  binoxide,  contain- 
ing 16  parts  by  weight  of  oxygen,  combined  with  1  eq.  of  tin,  when  the 
equivalent  weight  of  the  metal  would  be  59. 

But  the  specific  heat  of  tin  shows  that  its  atomic  weight  must  be  repre- 
sented by  the  number  118,  and  this  receives  confirmation  from  the  specific 
gravity  of  the  vapour  of  stannic  chloride. 

Weigbt  of  1  vol.  of  stannic  chloride  vapour,    .  9-20 

„  2  vols.  (1  molecule),  .  .  .  18-40 
„        tin  contained  in  it,        .       .  .8-35 

„         chlorine   contained  in  2  vols,  of 

stannic  cliloride,      .       .       .  lO'OS 

Since  2-47  is  the  specific  gravity  or  weight  of  1  vol.  of  chlorine,  the 
number  10-05  represents  4  vols,  of  that  gas;  and  if  it  be  allowed  that  ^ 
vols,  of  stannic  chloride  represent,  as  usual,  1  molecule,  it  wiU  contam  1 
atom  of  tin  and  4  atoms  (or  vols.)  of  clilorine,  and  its  violeeular  formula 
will  be  SnClj  (Sn  =  118).  Tin,  therefore,  woidd  be  a  tetratomic  element 
like  carbon  and  sHicon,  one  atom  being  capable  of  occupying  the  place  of 
four  atoms  of  hydrogen,  and  the  atomic  foimuloi  for  some  of  its  cluet 
compounds  would  be— stannous  oxide,  SnO  ;  stannic  acid,  SnO„ ;  stannous 
chloride,  SnCl,;  stannic  cldoride,  SnCl^;  stannous  sulphide,  SnS;  stannic 
sulphide,  SnS^. 
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292.  Titanium,  which  stands  in  close  chemical  relationsliip  to  tin,  used  to  be 
described  as  a  very  rare  metal,  but  it  has  lately  been  found  to  exist  in  considerable 
(Itiantity  in  iron  ores  and  clays,  although  no  very  important  practical  application 
lias  hitherto  been  found  for  it.  The  form  in  which  it  is  generally  found  is  titanic 
acid  (TiOj),  which  occurs  uncombined  in  the  minerals  rulilc,  analase,  and  hrookite, 
the  first  of  which  is  isomorphous  with  tin-stone,  and  is  extremely  hard  like  that 
mineral.  In  combination  with  oxide  of  iron,  titanic  acid  is  found  in  iron-sand, 
iserine,  or  meiiachanite  (found  originally  at  Menachan  in  Cornwall),  which  resembles 
gunpowder  in  appearance,  and  is  now  imported  in  abundance  from  Nova  Scotia  and 
New  Zealand.  Some  specimens  of  this  mineral  contain  40  per  cent,  of  titanic  acid, 
combined  with  protoxide  of  iron.  To  extract  titanic  acid  from  it,  the  finely  ground 
mineral  is  fused  with  three  parts  of  carbonate  of  potash,  when  carbonic  acid  is 
expelled  and  titanate  of  potash  formed ;  on  washing  the  mass  with  hot  water,  this 
salt  is  decomposed,  a  part  of  its  alkali  being  removed  by  the  water,  and  an  acid 
titanate  of  potash  left,  mixed  with  the  oxide  of  iron.  This  is  dissolved  in  hydro- 
chloric acid,  and  the  solution  evaporated  to  dryness,  when  the  titanic  acid,  and  any 
silicic  acid  which  may  be  present,  are  converted  into  the  insoluble  modifications, 
and  are  left  on  digesting  the  residue  again  with  dilute  hydrochloric  acid  ;  the  residue 
is  washed  with  water  (by  decantation,  for  titanic  acid  easily  passes  through  the 
filter),  dried,  and  fused  at  a  gentle  heat  with  bisulphate  of  potash.  The  sulphuric 
acid  forms  a  soluble  compound  with  the  titanic  acid  (TiOg.SO^),  which  maybe 
extracted  by  cold  water,  leaving  the  silicic  acid  undissolved.  The  solution  contain- 
ing the  titanic  acid  is  mixed  with  about  twenty  times  its  volume-of  water,  and 
boiled  for  some  time,  when  the  titanic  acid  is  separated  as  a  white  precipitate, 
exhibiting  a  great  disposition  to  cling  as  a  film  to  the  surface  of  the  fiask  in  which 
the  solution  is  boiled,  and  giving  it  the  appearance  of  being  corroded.  The  titanic 
acid  becomes  yellow  when  strongly  heated,  and  white  again  on  cooling;  it  does  not 
dissolve  in  solution  of  potash  like  silica,  but  when  fused  with  potash  it  forms 
a  titanate,  which  is  decomposed  by  water;  the  acid  titanate  of  potash  which  is 
left  may  be  dissolved  in  hydrochloric  acid,  and  if  the  solution  be  neutralised 
with  carbonate  of  ammonia,  hydrated  titanic  acid  is  precipitated,  very  much 
resembling  alumina  in  appearance.  By  dissolving  the  gelatinous  hydrate  in  cold 
hydrochloric  acid,  and  dialysing,  a  solution  of  titanic  acid  in  water  is  obtained, 
which  is  liable  to  gelatinise  spontaneously  if  it  contain  more  than  one  per  cent,  of 
the  acid. 

Titanic  acid  is  employed  in  the  manufacture  of  artificial  teeth,  and  for  imparting 
a  straw-yellow  tint  to  tlae  glaze  of  porcelain. 

If  a  mixture  of  titanic  acid  and  charcoal  be  heated  to  redness  in  a  porcelain  tube, 
through  which  dry  chlorine  is  passed,  bichloride  of  titanium  (TiOlj)  is  obtained 
as  a  colourless  volatile  liquid,  very  similar  to  bichloride  of  tin.  By  passing  the 
vapour  of  the  bichloride  of  titanium  over  heated  sodium,  the  metallic  titanium  is 
obtained  in  prismatic  crystals  resembling  specular  iron  ore  in  appearance.  Like 
tin,  it  is  said  to  dissolve  in  hydrochloric  acid  with  liberation  of  hydrogen.  The 
most  remarkable  chemical  feature  of  titanium  is  its  direct  attraction  for  nitrogen, 
with  which  it  combines  when  strongly  heated  in  air.  By  passing  ammonia  gas  over 
titanic  acid  heated  to  redness,  a  violet  powder  is  formed,  which  is  a  nitride  of  titanium 
(TiN).  Beautiful  cubes  of  a  copper  colour  and  great  hardness,  formerly  believed 
to  be  metallic  titanium,  are  found  adhering  to  the  slags  of  blast-furnaces  in  which 
titaniferous  iron  ores  are  smelted  ;  these  contain  about  77  per  cent,  of  titanium,  18  of 
nitrogen,  and  rather  less  than  4  of  carbon,  and  are  believed  to  consist  of  a  comjibund 
of  cyanide  with  nitride  of  titanium,  TiCy,  3Ti.,N.  A  similar  compound  is  obtained 
by  passing  nitrogen  over  a  mixture  of  titanic  acid  and  charcoal  heated  to  whiteness. 

Violet-coloured  crystals  of  sesquichloride  of  titanium  (Ti^Cl^)  are  obtained  by  pass- 
ing hydrogen  charged  with  vapour  of  bichloride  of  titanium  through  a  red-hot  por- 
celain tube ;  it  forms  a  violet  solution  in  water,  which  resembles  stannous  chloride 
in  its  reducing  properties. 

When  a  solution  of  titanic  acid  (or  acid  titanate  of  potash)  in  hydrochloric  acid 
is  acted  on  by  zinc,  a  violet  solution  is  formed,  which  deposits,  after  a  time,  a  blue 
(or  green)  precipitate,  which  appears  to  bo  a  scsquiozide  of  titanium  (TijO^),  and 
rapidly  absorbs  oxygen  from  the  air,  being  converte<l  into  titanic  acid.  A  jJ^rotoxidc 
of  titanium.  (TiO)  is  said  to  bo  obtained  as  a  black  powder  when  titanic  acid  is 
strongly  heated  in  a  crucible  lined  with  charcoal. 

Bisulphide  of  litunium  is  not  precipitated,  like  bisnl])hiile  of  tin,  when  hydrosul- 
phuric  acid  acts  upon  the  bichloride  ;  but  if  a  mixture  of  the  vapour  of  bichloride 
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of  titanium  with  hydrosulphuric  acid  is  passed  through  a  red-hot  tube,  greenisli- 
yellow  scales  of  the' bisulphide,  rcsembliug  mosaic  gold,  are  deposited. 

Titanium,  like  tin,  is  classed  among  the  tetratomic  elements ;  its  equivalent  is  25, 
and  its  atomic  weight  50. 

293.  Tungsten  is  chieily  found  in  the  mineral  wolfram,  which  occurs,  often 
associated  with  tin-stone,  in  large  brown  shining  prismatic  crystals,  which  are  even 
heavier  than  tin-stone  (sp.  gr.  7-3),  from  which  circumstance  the  metal  derives  its 
name,  tungsten,  in  Swedish,  meaning  heavy  stone.  The  symbol  (W)  used  for 
tungsten  is  derived  from  the  Latin  name  wolframium.  Wolfram  contains  the 
tungstates  of  iron  and  manganese  in  somewhat  variable  proportions,  but  its  general 
composition  is  expressed  by  the  formula  MnO.  ^^03,  3(FeO .  WO3).  Scheelite, 
tungstate  of  lime  (CaO  .  WO3),  is  another  mineral  in  wliich  tungsten  is  found. 

Tungstate  of  soda  is  employed  by  calico-printers  as  a  mordant,  and  is  sometimes  applied 
to  muslin,  in  order  to  render  it  inflammable.  It  is  obtained  by  fusing  wolfram  with 
carbonate  of  soda,  an  operation  to  which  tin  ores  containing  this  mineral  in  large 
quantity  are  sometimes  submitted  previously  to  smelting  them.  Water  extracts  the 
tungstate  of  soda,  which  may  be  crystallised  in  rhomboidal  plates  having  the  composi- 
tion NaO .  WO3  ,  2Aq.  When  a  solution  of  this  salt  is  mixed  with  an  excess  of  hydro- 
chloric acid,  white  hydrated  tungstic  acid  (HO  .  WO,  -f-  Aq.)  is  precipitated ;  but  if 
dilute  hydrochloric  acid  be  carefully  added  to  a  5  per  cent,  solution  of  tungstate  of  soda, 
in  sufficient  proportion  to  neutralise  the  alkali,  and  the  solution  be  then  dialysed 
(p.  104),  the  chloride  of  sodium  passes  through,  and  a  pure  aqueous  solution  of 
tungstic  acid  is  left  in  the  dialyser.  This  solution  is  unchanged  by  boiling,  and 
when  evaporated  to  dryness,  it  forms  vitreous  scales,  like  gelatine,  which  adhere 
very  strongly  to  the  dish.  It  redissolves  in  one-fourth  of  its  weight  of  water,  form- 
ing a  solution  of  the  very  high  specific  gravity  3-2,  which  is,  therefore,  able  to  float 
glass.  The  solution  has  a  bitter  and  astringent  taste,  and  decomposes  carbonate  of 
soda  with  efi^ervescence.  It  becomes  green  when  exposed  to  air,  from  the  deoxidis- 
ing action  of  organic  dust.  When  the  hydrated  tungstic  acid  is  heated,  it  loses 
water,  and  becomes  of  a  straw-yellow  colour  and  insoluble  in  acids.  There  are  at 
least  two  modifications  of  tungstic  acid,  which  bear_to  each  other  a  relation  similar 
to  that  between  stannic  and  metastannic  acids. 

The  most  characteristic  property  of  tungstic  acid  is  that  of  yielding  a  blue  oxide 
{WO2 ,  WO3)  when  placed  in  contact  with  hydrochloric  acid  and  metallic  zinc. 

A  very  remarkable  compound  containing  tungstic  acid  and  soda  is  obtained  when 
bitungstate  of  soda  (NaO  .  2WO3  .  4H0)  is  fused  with  tin.  If  the  fused  mass  be 
treated  with  strong  potash,  to  remove  free  tungstic  acid,  washed  with  water,  and 
treated  with  hydrochloric  acid,  yellow  lustrous  cubical  crystals  are  obtained,  whicli 
are  remarkable,  among  sodium  compounds,  for  their  resistance  to  the  action  of  water, 
of  alkalies,  and  of  all  acids  except  hydrofluoric.  The  composition  of  these  crystals 
appears  to  be  NaO  .  WOg  .  2WO3. 

The  binoxide  of  tungsten  (WOg)  appears  to  be  an  indiiferent  oxide,  and  is  obtained 
by  reducing  tungstic  acid  with  hydrogen  at  a  low  red  heat,  when  it  forms  a  brown 
powder  which  is  dissolved  by  boiling  in  solution  of  potash,  hydrogen  being  evolved, 
and  tungstate  of  potash  formed. 

Metallic  tungsten  is  obtained  by  reducing  tungstic  acid  with  charcoal  at  a  white 
heat,  as  an  iron-grey  infusible  metal  of  sp.  gr.  17-6,  very  hard,  not  affected  by  hydro- 
chloric or  diluted  sulphuric  acid,  but  converted  into  tungstic  acid  by  the  action  of 
nitric  acid.  When  tungsten  is  dissolved  in  about  ten  times  its  weight  of  fused  steel, 
it  forms  an  extremely  hard  alloy. 

When  tungsten  is  heated  in  chlorine,  the  icrchloride  of  tungsten  (WCI3)  sublimes 
in  bronze  coloured  needles,  which  are  decomposed  by  water.  When  gently  heated  in 
hydrogen,  it  is  converted  into  the  bichloride  (WClj),  but  if  its  vapour  be  mixed  with 
hydrogen  and  passed  tlirough  a  glass  tube  heated  to  redness,  metallic  tungsten  is  ob- 
tained in  a  form  in  which  it  is  not  dissolved  even  by  aqua  regia,  tliough  it  may  be  con- 
verted into  tungstate  of  potash  by  hypochlorite  of  potash  mixed  with  potash  in  excess. 

Bisulphide  of  tungsten  ( WSj)  is  a  black  crystalline  substance  resembling  plumbago, 
obtained  by  heating  a  mixture  of  bitungstate  of  potash  with  sulphur,  and  washing 
with  hot  water.  Tersulphide  of  tungsten  (AVS3)  is  a  sulphur-acid,  obtainable  as  a 
brown  precipitate  by  dissolving  tungstic  acid  in  an  alkaline  sulphide,  and  precipitat- 
ing by  an  acid. 

294.  Molybdenum  derives  its  name  from  /toAu'/BSa/va,  lead,  on  account  of  the  re- 
semblance of  its  cliief  ore,  molyhdcna,  to  black  lead.  Molybdena  is  the  histilphide  of 
molybdenum  (MoS^),  and  is  found  chiefly  in  Bohemia  and  Sweden  ;  it  may  be  recog- 
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uised  by  its  remarkable  similarity  to  plumbago,  and  by  Its  giving  a  blue  solution 
when  bo  led  with  strong  sulphuric  acid.    It  is  chiefly  employed  for  the  preparat  on 
ot  naolybdateot  ammonia,  which  is  used  in  testing  lor  pJiosphoric  acid     For  t I  s 
purpose  tbe  bisulph.de  of  molybdenum  is  roasted  in  air  at  a  dull  red  heat  yvhen 
sulphurous  acid  IS  evolved,  and  molybdic  acid  (M0O3)  mixed  with  oxide  of  iron  is  left 
The  resulue  is  digested  with  strong  ammonia,  which  dissolves  the  molybdic  acid  n 
the  lorm  ot  moli/bdate  of  ammonia,  obtainable  in  prismatic  crystals  on  evaporation 
When  a  solution  of  molybdate  of  ammonia  is  added  to  a  phosphate  dissolved  hi 
diluted  nitnc  acid  a  yellow  precipitate  of  phosphomohjbdate  of  ammonia  is  produced 
wh  ch  contains  molybdic  and  phosphoric  acids  combined  with  ammonia.  bV  the  for- 
ma ion  of  which  very  minute  quantities  of  phosphoric  acid  can  be  detected  If 

mmoniiThrn  n  '"^'^^  "^^^^^^^  *°  '^^^-""g  °f  molyhl.ie  oi 

ammonia,  the  molybdic  acid  is  precipitated,  but  it  is  dissolved  by  an  excess  of 
hydrochloric  acid,  and  if  he  solution  be  dialysed,  the  molybdic  acid^is  obtaTned  in 

t^  ZTJlr  ^Vr'  '°r/'°''  ''h'"^  "^'"^^'^"^  ^l'^^  litmus,  has  an  astringen  taste 
and  eaves  a  soluble  gum-like  residue  when  evaporated.  Molybdic  acid  fuses  at  a 
led  heat  to  a  ye  low  g  ass,  and  may  be  sublimed  in  a  current  of  air  in  shinh,? 
needles._   In  contact  with  diluted  hydrochloric  acid  and  metallic  zinc  it  ^  con? 

(MoO_  4M0O3)  which  IS  soluble  m  water,  but  is  precipitated  on  adding  a  saline 
solution.  Molybdate  of  lead  (PbO  .  M0O3)  is  found  as  a  yellow  crystaCe  mineral 
The  b^nox>deoJ  molybdenum  (MoO,)  is  baiic,  and  forms  dark  red-bJown  alts  X  : 
oxide  oj  molybdenum  (MoO  is  obtained  by  adding  an  alkali  to  the  solution  r;sultint 
from  the  pro  onged  action  of  zinc  upon  a  hydrochloric  solution  of  molyE  acid  l! 
is  a  basic  oxide  which  absorbs  oxygen  from  the  air  oiyoQic  acia.  it 

Metallic  molybdenum  \a  obtained  by  reducing  molybdic  acid  with  charcoal  at  a  white 

^Sp^l^^1  '  "^^^f'  f"'/^^'  ^'^^  ^^^c^^ltj,  unacted  upon  by  hydrochloric  and 
di  uted  sulphuric  acids  but  converted  into  molybdic  acid  by  boiling  with  nitric 
acid.  It  IS  rather  a  light  metal,  its  specific  gravity  being  8-62.  When  heated  in 
chlorine -It  yields  of  molybdenum  (MoCl,),  which  forms  a  7ed  vapour  and 

ondenses  in  crystals  resembling  iodine,  soluble  i^'water.  K  protochloridefuoGl^in 
s^phurSs.  ^^"^'^  '"'^  tetrasulphide  (MoSJ  of  molybdenum  ire 

be^l!nS'°'' of  molybdsnum  above  mentioned,  there  may 
mlt!  nnfl  TP'    f      If  ^^"^  molybdic  acid),  and  the  difficultly  fusible 

mnliri  '  .°?PP''  ^^^"^y-  contain  a  large  amount 

ot  molybdenum  combined  with  iron,  copper,  cobalt,  and  nickel. 

295.  Vanadium  (Faraaofw,  a  Scandinavian  deity)  was  originally  obtained  from 
certain  bwedish  iron  ores,  but  its  chief  ore  is  the  vanadiate  of  lead,  which  is  found  in 
bcotland,  Mexico,  and  Chile.  Vanadic  acid  has  also  been  found  in  some  clays  and 
m  the  cupriferous  sandstone  at  Perm  in  Kussia.  By  treating  the  vanadiate  of' lead 
wmi  nitric  acid,  expelhng  the  excess  of  acid  by  evaporation,  and  washing  out  the 
nitrate  ot  lead  with  water,  impure  vanadic  acid{VO^)ia  obtained,  which  may  be 
pnntied  by  dissolving  in  ammonia,  crystallising  the  vanadiate  of  ammonia  and 
ciecoraposing  it  by  heat,  when  vanadic  acid  is  left  as  a  reddish-yellow  fusible  solid, 
which  crystallises  on  cooling,  and  dissolves  sparingly  in  water,  giving  a  yellow  solu- 
tion. It  dissolves  in  hydrochloric  acid,  and  if  the  solution  be  treated  with  a  redu- 
cing agent  (such  as  hydrosulphuric  acid)  it  assumes  a  fine  blue  colour,  from  the  pro- 
fluction  of  bichloride  of  vanadium  (VClj).  If  a  solution  of  vanadiate  of  ammonia 
De  mixed  with  tincture  of  galls,  it  gives  an  intensely  black  fluid,  which  forms  an 
excellent  ink,  for  it  is  not  bleached  by  acids,  alkalies,  or  chlorine.  By  heating 
vanadic  acid  with  potassium,  metallic  vanadium  is  obtained  as  a  white  metallic  powder 
Which  IS  not  attacked  by  sulphuric  or  hydrochloric  acid,  but  dissolves  in  nitric  acid' 
lormmg  a  blue  solution  of  nitrate  of  binoxido  of  vanadium.  ' 

protoxide  of  vanadium  (VO)  appears  to  be  an  iudiflTerent  oxide.    Terchloride  of 
vanadium  (VCI3)  is  a  volatile  yellow  fuming  liquid. 

Bisulphide  of  vanadium  (VS^)  is  obtained  as  a  black  precipitate  by  the  action  of  an 
alkaline  sulphide  upon  the  bichloride  of  vanadium  ;  it  appears  to  be  a  sulphur-acid 
'or  It  dissolves  in  an  excess  of  the  alkaline  sulphide,  fuming  a  purple  solution.  ' 

296.  Niobium  (formerly  called  columbiiim)  lias  been  obtained  from  a  rare  darki^rnv 
iiarfl  crystalline  mineral  known  as  colimbite,  occurring  in  Massachusetts     T 1  • 
■nineral  contains  niobic  acid  (NbO^)  com],inod  with  the  oxides  of  iron  and  man£ranp«n^ 

IheniobicacKl  IS  extracted  by  a  laborious  process,  and  forms  a  white  powdei' 
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sD-irhmly  soluble  in  li ydrocliloric  acid.  Niobium  itself  has  been  obtained  as  a  black 
poX  insoluble  in  nitric  acid  and  in  aqua  reg>a,  but  dissolved  by  a  mixture  ot 

nitric  f^.'^J^yf,;:'^^;"^  to  be  identical  with  niobium,  occurs  in  the  ImUile 

J^^^!S'S^^^^<^  contain  tarUalic  acia  (TaO,)*-  resembling  niobic 

'"^Niobium  and  tantalum  have  recently  been  found  to  the  amount  of  2  or  3  per 
cent,  in  the  tin  ore  of  Montebras. 


PLATINUM. 

997  Platinum  (platina,  Spanish  diminutive  of  silver)  is  always  foun(l 
in  "the  metalUc  state,  distributed  in  flattened  grains  through  aUuvial 
deposits  similar  to  those  in  which  gold  is  found;  indeed,  tliese  grams  are 
.generally  accompanied  by  grains  of  gold,  and  of  a  gi'oup  of  very  rare 
metals  only  found  in  platinum  ores,  viz.,  pallacbum,  iridmm  osiniuui, 
rhodiiim,  and  ruthenium.  Eussia  furnishes  the  largest  supply  of  platmum 
fi-om  the  Ural  Mountains,  but  smaller  quantities  are  obtamed  from  ±.razil, 
Peru,  Borneo,  Australia,  and  Cabfornia.  ^   ,  -, ,    .       •  .i. 

The  process  for  obtaining  the  platinum  m  a  marketable  form  is  rather 
a  chemical  than  a  metaUurgic  operation.    The  ore  containing  the  grams 
of  platinum  and  the  associated  metals  is  heated  with  a  ddute  mixture  ot 
hydrochloric  and  nitric  acids,  by  which  the  platmum  is  converted  mto 
bichloride  of  platinum  (PtCl.,)  and  dissolved,  whdst  the  indium  and 
osmium  are  left  in  the  residue.    The  solution  is  then  mixed  witli  soine  clilo- 
ride  of  anmionium,  which  combines  with  the  bichloride  of  platinum  to  form 
a  yellow  insoluble  salt  (ammonio-chloride  of  platinum,  NH3 .  HU .  i  tLi  ). 
This  precipitate  is  collected,  washed,  and  heated  to  redness,  when  all  its 
constituents,  except  the  platinum,  are  expelled  in  the  form  of  gas,  that 
metal  being  left  in  the  peculiar  porous  condition  m  wliich  it  is  known  as 
sponqv  platinum.    To  convert  this  into  compact  platmum  is  by  no  means 
an  easy  task,  on  account  of  the  infusibility  of  the  metal,  for  it  remams 
soHd  at  the  very  highest  temperatures  of  our  fui-naces.    Ihe  spongy 
platinum  is  finely  powdered  in  a  wooden  mortar  (as  it  would  cohere  into 
metallic  spangles  in  one  of  a  harder  material)  and  rubbed  to  a  paste  with 
water:  this  paste  is  then  rubbed  through  a  sieve  to  render  it  perfectly 
smooth  and  uniform,  and  introduced  into  a  cylinder  of  brass,  m  which  it 
issubiected  to  pressure  so  as  to  squeeze  out  the  water  and  cause  the 
minute  particles  of  platinum  to  cohere  into  a  somewhat  compact  disk, 
tliis  disk  is  then  heated  to  whiteness  and  beaten  mto  a  compact  metallic 
ingot  by  a  heavy  hammer  ;  it  is  then  ready  for  forgmg.  •  ,  j 

A  more  modem  process  for  obtaining  platmum  from  its  ores  is  based 
upon  the  tendency  of  this  metal  to  cUssolve  in  melted  lead.    The  platmum  1 
ore  is  fused  in  a  small  reverberatory  furnace,  with  an  equal  weight  ot  sul-  • 
phide  of  lead  and  the  same  quantity  of  oxide  of  lead  Avheii  the  sulphur  , 
and  oxygen  escape  as  sulphurous  acid,  and  the  reduced  lead  dissolves  the 
platinum,  leaving  undissolved  a  very  heavy  alloy  of  osmium  and  iridiim 
which  siks  to  the  bottom    The  upper  1^=^^  of  the  aUoy  of  -^^^ 
platinum  is  then  ladled  out  and  cupelled  (page  353),  when  the  atter  metal 
is  left  in  a  spongy  condition,  the  lead  being  removed  in  the  lom  ol 
oxide.    The  platinum  is  then  fused  by  the  aid  of  the  oxyhydrogen  blow- 
pipe ill  a  furnace  made  of  lime  (fig.  259),  whence  it  is  poured  mto  am 

*  TaO,  according  to  more  recent  experiments. 


m 


PROPEllTIES  OF  PLATINUM. 


395 


Fig.  259. 


iagot  mould  made  of  gas-carbon.  Tlio  melted  platinum  absorbs  oxygon 
mechanically  like  melted  silver,  and  evolves  it  again  on  cooling  (see 
page  354).  Platinum  articles  are  now  frequently  made  from  the  fused 
metal,  instead  of  from  that  which  has  been  welded. 

Its  resistance  to  the  action  of  high  temperatures  and  of  most  chemical 
agents,  renders  platinum  of  the  greatest  service  in  chemical  operations. 
It  will  be  remembered  that  platinum  stills 
are  employed,  even  on  the  large  scale,  for  the 
concentration  of  sidphuric  acid.  In  the  form 
of  basins,  smaR  crucibles,  foil,  and  wire, 
this  metal  is  indispensable  to  the  analytical 
chemist.  Unfortunately,  it  is  softer  than 
silver,  and  therefore  ill  adapted  for  wear, 
and  is  so  heavy  (sp.  gr.  21-5)  that  even 
small  vessels  must  be  made  very  thin  in 
order  not  to  be  too  heavy  for  a  delicate  bal- 
ance. Since  it  expands  less  than  any  other 
metal  when  heated,  wires  of  platinum  may  be 
sealed  into  glass  without  danger  of  splitting  it 
by  unequal  expansion.  Its  malleability  and 
ductility  are  very  considerable,  so  that  it  is  easily  rolled  into  thin  foil  and 
drawn  into  fine  wires ;  in  ductility  it  is  surpassed  oidy  by  gold  and  silver, 
and  it  has  been  di-awn,  by  an  ingenious  contrivance  of  Wollaston's,  into 
wire  of  only  ^-g.-L_tli  of  an  inch  in  diameter,  a  mile  of  which  (notwith- 
standing the  high  specific  gravity  of  the  metal)  would  only  weigh  a  single 
grain.  This  remarkable  extension  of  the  metal  was  effected  by  casting  a 
cylinder  of  silver  around  a  very  thin  platinum  wire  obtained  by  the  ordinary 
process  of  wire-drawing.  When  the  cylinder  of  silver,  with  the  platinum 
wire  in  its  centre,  was  itself  drawn  out  into  an  extremely  thin  we,  of 
course  the  platinum  core  would  have  become  inconceivably  thin,  and  when 
the  silver  casing  was  dissolved  off  by  nitric  acid,  this  minute  filament  of 
platinum  was  left.  Platinum  is  sometimes  employed  for  the  touch-holes 
of  fowling-pieces  on  accoiuit  of  its  resistance  to  corrosion.  A  little  iridium 
is  sometimes  added  to  platinum  in  order  to  increase  its  elasticity. 

The  remarkable  power  possessed  by  platinum,  of  inducing  chemical 
combination  between  oxygen  and  other  gases,  has  already  been  noticed. 
Even  the  compact  metal  possesses  this  property,  as  may  be  seen  by  heat- 
ing a  piece  of  platinum  foil  to  redness  in  the  flame  of  a  gauze  gas-burner, 
rapidly  extinguishing  the  gas,  and  turning  it  on  again,  when  the  cold 
stream  of  gas  will  still  maintain  the  metal  at  a  red  heat,  in  consequence  of 
the  combination  with  atmospheric  oxygen  at  the  sirrface  of  the  platinum. 
.  A  similar  experiment  may  be  made  by  susiiending  a  coil  of  platinum 
wire  in  the  flame  of  a  spirit-lamp  (fig.  260),  and  suddenly 
blowing  out  the  flame  when  the  metal  is  intensely  heated ; 
the  wire  wiU  continue'  to  glow  by  inducing  the  combina- 
tion of  the  spirit  vapour  with  oxygen  on  its  surface.  By 
substituting  a  little  ball  of  spongy  platinum  for  the  coil 
of  platinum  wire,  and  mixing  some  fragrant  essential  oil 
with  the  spirit,  an  elegant  perfuming  lamp  has  been  con- 
trived. Upon  the  same  principle  an  instantaneous  light 
apparatus  has  been  made,  in  which  a  jet  of  hydrogen  gas 
is  kindled  by  falling  upon  a  fragment  of  cold  H-|)ongy 
platinum,  which  at  once  ignites  it  by  inducing  its  combination  with  the 
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oxygen  condensed  witliin  the  pores  of  the  metal.  Spongy  platinum  L-,' 
obtained  in  a  very  active  form  by  heating  the  ammomo-chloride  of  pla- 
tinum very  gently  in  a  stream  of  coal-gas  or  hydrogen  as  long  as  any 
fumes  of  hydrochloric  acid  are  evolved.  ... 

If  platinum  be  precipitated  in  the  metallic  state  from  a  solution,  it  is 
obtained  in  the  form  of  a  sooty  powder,  called  platmum-hlack,  which 
possesses  this  power  of  promoting  combination  with  oxygen  m  the  highest 
perfection.  This  form  of  platinum  may  be  obtained  by  dissolving  the 
metal  in  aqua  regia,  which  converts  it  mto  bichloride  of  piatmum  (PtGl  , 
evaporating  the  solution  to  dryness,  and  heating  the  residue  on  asand-bath 
as  lon<^  as  it  smeUs  of  chlorine.  The  chloride  of  platinum  (PtCl)  thus 
obtained  is  dissolved  in  a  strong  solution  of  potash  and  heated  wi^ 
alcohol,  when  the  platinum-black  is  precipitated,  and  must  be  filtered  ofl, 
washed,  and  dried  at  a  gentle  heat.  .  i  n 

Piatmum  in  this  form  is  capable  of  absorbing  800  times_its_ volume  ol 
oxyoen,  which  does  not  enter  into  combination  with  it,  but  is  simply  con- 
densed into  its  pores,  and  is  available  for  combination  with  other  bodies. 
A  iet  of  hydrogen  aUowed  to  pass  on  to  a  grain  or  two  of  this  powder  is 
kindled  at  once,  and  if  a  few  particles  of  it  be  thrown  into  a  m^tui-e  of 
hydrogen  and  oxygen,  explosion  immediately  follows.  A  drop  of  alcohol 
is  also°mflamed  when  allowed  to  fall  upon  a  Httle  of  the  powder.  Pla- 
tinum-black loses  its  activity  after  having  been  heated  to  redness. 

Although  platinum  resists  the  action  of  hydrochloric  and  nitric  acids, 
unless  they  are  mixed,  and  is  imaffected  at  the  ordinary  temperature  by 
other  chemical  agents,  it  is  easily  attacked  at  high  temperatures  by  phos- 
phorus, arsenic,  carbon,  boron,  silicon,  and  by  a  large  number  of  the 
metals ;  the  caustic  alkaUes  and  alkaline  earths  also  corrode  it,  so  that 
some  discretion  is  necessary  in  the  use  of  vessels  made  of  this  costly 
metal.  "When  platinum  is  aUoyed  withIO  parts  of  silver,  both  metals 
may  be  dissolved  by  nitric  acid. 

298.  Oxides  of  iMUnum.—Ovilj  one  compound  of  platinum  with 
oxyo-en  is  known  in  the  separate  state,  the  other  having  been  obtamed 
in  combination  with  water.  The  protoxide,  PtO  {jMtinous  oxide), 
is  precipitated  as  a  black  hydrate  by  decomposmg  the  protocMoride 
■with  potash,  and  neutralising  the  solution  with  dHute  sulphuric  acid,  it 
is  a  feeble  base,  and  decomposes  when  heated,  leaving  metallic  platinum. 
Binoxide  of  platinum,  PtO.,  {platinic  oxide),  is  also  a  weak  base,  but 
occasionally  plays  the  part  of  an  acid,  whence  it  is  sometimes  termed 
platinic  acid.  The  hydrated  binoxide  (PtO„ .  2H0)  is  obtained  by  mixing 
solution  of  bichloride  of  platinum  with  excess  of  potash,  heating  mitil  the 
precipitate  of  platino-chloride  of  potassium  (KCl,  PtCl)  is  redissolved 
and  addmg  acetic  acid,  which  gives  a  brown  precipitate  of  the  hydi-ated 
binoxide;  this  may  be  freed  from  water  by  a  moderate  heat,  and  at  a 
higlier  temperatm-e  loses  its  oxygen.  Platinate  of  soda  (NaO .  3Ptq„ ,  b  Aq. ) 
may  be  crystallised  from  a  solution  of  the  hydrated  bmoxide  m  soda. 
Platincde  of  limeis  convenient  for  the  separation  of  piatmum  from  u-idimn, 
which  is  generally  contained  in  the  commercial  metal ;  for  this  purpose 
the  platinum  is  dissolved  in  nitro-hydrochloric  acid,  the  solution  evapo- 
rated tiU  it  soHdifies  on  cooling,  the  mixed  chlorides  of  indium  a-iid 
platinum  dissolved  in  Avater,  and  decomposed  with  an  excess  of  Imie  mfh- 
nut  exposure  to  liqld  ;  the  ]->latiinnn  then  passes  into  sokition  as  platinate 
of  lime,  and  the  platinic  acid  may  be  separated  from  the  filtered  solution 
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by  exposiiro  to  light.  Acids  dissolve  binoxido  of  platinum,  forming  salts 
of  a  brown  colour  wliicli  have  not  been  crystallised.  If  binoxide  of  pla- 
tiniun  be  dissolved  in  diluted  sulphuric  acid  and  the  solution  mixed  with 
excess  of  ammonia,  a  black  precipitate  oi  fulmmating  platinum  is  obtained, 
which  detonates  violently  at  about  400"  F.  Tliis  compound  is  said  to 
have  a  composition  corresponding  to  the  formula  NH.,,  HO,  PtOg  +  HO 
(hycbated  platinate  of  ammonia) ;  and  might  also  be  represented  as 
NHPt.  4H0,  or  a  combination  of  water  with  ammonia  (NH,),  in  which 
two  equivalents  of  hydi-ogen  are  replaced  by  one  equivalent  of  platinum 
(which,  in  the  binoxide,  PtO.,,  represents  H.,). 

Chlorides  of  platinum. — The  hieliloride,  o'r  platinic  chloride  (PtClg),  is 
the  most  useful  salt  of  the  metal,  and  may  be  prepared  by  dissolving 
scraps  of  platinum  foil  in  a  mixture  of  four  measures  of  hydrochloric  acid 
with  one  of  nitric  acid  (100  grains  of  platinum  require  3  measured  ounces 
of  hydi'ocliloric  acid),  evaporating  the  liquid  at  a  gentle  heat  to  the  con- 
sistence of  a  syrup,  redissolving  in  dilute  hydrochloric  acid,  and  again 
evaporating  to  expel  excess  of  nitric  acid.  The  syrupy  liquid  solidifies 
on  cooling  to  a  red-brown  mass,  wliich  is  very  deliquescent,  and  dissolves 
easily  in  water  or  alcohol  to  a  red-brown  solution.  If  the  concentrated 
solution  be  allowed  to  cool  before  all  the  free  hydrochloric  acid  has  been 
expelled,  long  browm  prismatic  crystals  of  a  combination  of  the  bichloride 
with  hydrochloric  acid  are  obtained.  The  bichloride  of  platinum  is  re- 
markable for  its  disposition  to  form  sparingly  soluble  double  chlorides  with 
the  chlorides  of  the  alkali  metals  and  the  hydroclilorates  of  organic  bases, 
a  property  of  great  value  to  the  chemist  in  effecting  the  detection  and  sepa- 
ration of  these  bodies. 

A  good  example  of  this  has  lately  been  afforded  in  the  separation 
of  potassium,  rubidium,  and  ccesium.  The  chlorides  of  these  three 
metals  having  been  separated  from  the  various  other  salts  contained  in 
the  mineral  water  in  which  they  occur,  are  precipitated  with  bichlo- 
ride of  platinum,  which  forms  combinations  with  all  the  three  chlorides. 
The  platino-chloride  of  potassium  is  more  easily  dissolved  by  boihng 
water  than  those  of  rubidium  and  ccesium,  and  is  removed  by  boiling  the 
mixed  precipitate  with  small  portions  of  water  as  long  as  the  latter 
acquires  a  yellow  colour.  The  remaining  platino-chlorides  of  rubidium 
and  ccesium  are  then  heated  in  a  current  of  hydrogen,  which  reduces  the 
platinum  to  the  metallic  state,  and  the  chlorides  may  then  be  extracted 
by  water,  in  which  they  are  very  soluble. 

Platino-chloride  of  potassium  (KCl,  PtClg)  forms  minute  yellow  octa- 
hedral ciystals ;  those  of  rubidium  and  ccesium  have  a  similar  composition 
and  ciystalline  form. 

Platino-chloride  of  sodium  differs  from  these  in  being  very  soluble  in 
water  and  alcohol ;  it  may  be  crystallised  in  long  red  prisms,  having  the 
composition  (NaCl,  PtClj,  6Aq.) 

Ammonio-chloride  of  platinum  (NHg.HCl,  PtClg)  has  been  already 
noticed  as  the  form  in  which  platinum  is  precipitated  in  order  to  separate 
it  from  other  motals.  It  crystallises,  lilce  the  potassium-salt,  in  yellow 
octahedra,  which  are  very  sparingly  soluble  in  water  and  insoluble  in 
alcohol.  It  is  tlic  form  into  which  nitrogen  is  finally  converted  in 
analysis  in  order  to  determine  its  weight.  When  heated  to  redness,  this 
salt  leaves  a  residue  of  spongy  platiiiuni.  The  bichloride  of  platinum  ia 
sometimes  used  for  browning  gun-barrels,  &c.,  imdor  the  name  oi  muriate 
ofplatina. 
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rrotocMoTide  of  platinum  or  platinom  chloride  (PtCl).-Tl.o  bichlorido  of  plaiinum 
maybe  lieatod  to  450°  F.  without  d.^composition,  but  abijve  that  temperature  it 
evolves  chlorine,  aud  is  slowly  converted  into  the  protocliloride  winch  is  reduced,  at 
a  much  higher  temperatiu-e,  to  the  metallic  state.    Pla  mous  chloride  forms  a  dingy 
.rreen  powder,  which  is  insoluble  in  water  and  m  nitnc  and  sulphuric  acids,  but 
dissolves  in  hot  hydrochloric  acid,  and  in  solution  of  platinic  chloride,  yielding  m 
the  former  a  brigi.t  red,  in  the  latter  a  very  dark  brown-red  solution     Its  solution 
in  hydrochloric  acid  is  not  precipitated  by  chloride  of  potassium  but  a  solub  e 
double  chloride  (KOI,  PtCl)  may  be  crystallised  from  the  liquid.    If  hydrochlorate  . 
of  ammonia  be  added  to  the  hydrochloric  solution,  a  double  salt  of  hydrochlorate  ot 
amnTonia  with  protochloride  of  platinum  (NH3.HCl.PtCl)  may  be  obtained  in 
vellow  crystals  by  evaporation.    If,  instead  of  hydrochlorate  of  ammonia,  tree 
ammonia  be  added  in  excess  to  the  boiling  solution  of  protochloride  of  platinum  in 
hydi-ochloric  acid,  brilliant  green  needles  (gi-een  salt  of  Magnus)  are  deposited  on 
coolino-  which  contain  the  elements  of  platinous  chloride  and  ammonia  (i  tCl .  JN  H  ) ; 
but  from  the  behaviour  of  this  compound  with  chemical  agents,  its  true  formula 
would  appear  to  be  N,H,Pt .  HCl,  PtCl,  in  which  the  place  of  1  equivalent  of 
hydrogen  in  two  of  ammonia  is  occiipied  by  platinum.    By  heating  this  salt 
with  an  excess  of  ammonia,  the  platinous  chloride  which  it  contains  may  be  decom- 
posed and  when  the  solution  is  allowed  to  cool,  it  deposits  yellowish- white  prismatic 
crystals  of  hydrochlorate  of  diplatosamirie ;  N.H^Pt .  HCl  +  Aq.,  the  production  of 
which  may  be  represented  by  the  equation — 

N,H,Pt.HCl,  PtCl    -1-    2NH3    =    2(N,H,Pt .  HCl)  . 
By  decomposing  a  solution  of  this  salt  with  sulphate  of  silver,  the  sulphate  of  dipla- 
tosaviine  is  obtained ;  N,H-Pt .  HCl  +  AgO  .  SO,  =  N^H^Pt .  HO  .  SO  +  AgCl. 

When  the  solution  of  sulphate  of  diplatosamine  is  treated  with  hydrate  ot  baryta, 
sulphate  of  baryta  is  precipitated,  and  a  powerfully  alkaline  solution  is  obtained, 
which  yields  crystals  of  hydrate  of  diplatosamine  N^HgPt .  2H0,  a  strong  alkali  which 
may  be  regarded  as  a  compound  of  water  with  2  equivalents  of  ammonia  (N^H^)  m 
which  1  equivalent  of  hydrogen  is  replaced  by  platinum.  The  hydrate  of  diplatosa- 
mine has  a  strong  resemblance  to  the  hydrated  mineral  alkalies,  eagerly  absorbing 
carbonic  acid  from  the  air,  and  expelling  ammonia  from  its  salts.  When  the 
hydrate  of  diplatosamine  is  heated  to  230°  F.  it  gives  off  water  and  ammonia,  and 
becomes  converted  into  a  grey  insoluble  substance,  which  is  hydrate  of  platosamme, 
NH  Pt  HO,  and  may  be  regarded  as  a  compound  of  water  with  a  single  equivalent 
of  ammonia  (NH3),  in  which  one-third  of  the  hydrogen  is  replaced  by  platinum. 
Tliis  substance  is  also  a  base,  and  forms  salts,  most  of  which  are  insoluble ;  tlie 
sulphate  of  platosamine,  NH^Pt .  HO.  SO3  +  HO,  may  be  regarded  as  sulphate  of 
ammonia  (NH. .  HO  .  SO3),  in  which  1  equivalent  of  the  hydrogen  is  replaced  by 
platinum.  The  hydrochlorate  of  platosamine  (NH^Pt .  HCl)  is  isomeric  with  the 
•  ■•reen  salt  of  Magnus,  and  may  be  obtained  from  that  compound  by  dissolving  it  in 
a  hot  solution  of  sulphate  of  ammonia,  from  which  it  crystallises  on  cooling.*- 

If  the  hydrochlorate  of  platosamine,  suspended  in  boiling  water,  be  treated  witli 
chlorine  it  is  converted  into  hydrochlorate  of  platinamine,  NHPt .  2flCl,  which  may 
be  represented  as  the  hydrochlorate  of  an  ammonia,  in  which  2  equivalents  ot 
hydro'^en  have  been  replaced  by  1  equivalent  of  platinum  in  the  condition  in  which 
it  exis^ts  in  the  bichloride  (PtCl,),  where  it  is  equivalent  to  H,.  The  conversion  ot 
the  hydrochlorate  of  platosamine  into  hydrochlorate  of  platinamine  may  be  repre- 
sented by  the  equation,  NH.Pt .  HCl  -(-  CI  =  NHPt .  2HC1.  By  boiling  the  hydro- 
chlorate of  platinamine  with  nitrate  of  silver,  it  is  converted  into  nitrate  of  platma- 
mine  (NHPt  HO  NO,),  and  when  this  is  dissolved  in  boiling  water  and  decomposed 
by  ammonia,  the  hydrate  of  platinamine  (NHPt,  4H0)  is  obtained  in  yellow  prismatic 
crystals  having  the  same  composition  as  that  assigned  to  lulminating  platinum. 

Several  other  platinum  compounds  derived  from  ammonia  have  been  obtaiuert, 
but  cannot  at  present  be  so  conveniently  classiiied.    The  following  table  exhibits 

*  The  salts  of  diplatosamine  are  distinguished  from  those  of  platosamine  by  the  action 
of  nitrous  acid,  which  gives  a  line  blue  or  green  precipitate  or  coloration  with  tlie  loriiier. 

For  the  cause  of  this  change,  aud  for  many  other  iuteresting  points  m  the  history  ot 
these  platinum  compounds,  the  author  sorrowfully  refers  to  the  elaborate  and  accuraie 
memoir  by  his  lamented  colleague,  the  late  Mr  Hadow,  written  during  his  last  dhiess  antt 
published  in  the  Journal  of  theCliemical  Society  for  August  186C,  in  whidi  mouth  lie  dieci, 
having  there  given  a  suiuimiry  of  tlie  results  of  persevering  and  sagacious  cxpennicnwu 
work,  extending  over  several  years.  He  too  truly  wrote,  that  he  was  "  prevented  from 
making  any  further  experiments  for  some  time  to  come."  He  died  August  11, 1600,  aged  ^0. 
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tlio  composition  of  those  licro  Gnnmoratrd,  tlio  platimim,  as  it  exists  in  platiiious 
clilorido  (PtOl),  occupying  tlio  place  ol'  1  equivalent  of  liydriigon,  being  represented 
hy  Ft',  and  the  platinnni,  as  it  exisis  in  platinic  chloride  (PtCl2),  occupying  the 
place  of  2  equivalents  of  hydrogen,  by  Ft". 

Hydrate  of  platosamine,       .       .       .       NH^Pt' .  HO 

Hydrochlorato  of  platosamine,      .       .       NH^Pt' .  HCl 

Sulphate  of  platosamine,      .       .       .       NHjPt' .  HO  .  SOg  +  HO 

Hydrate  of  platinamine,       .       .       .       NHPt" .  4H0 
Hydrochlorate  of  platinamine,      .       .       NHPt"  .  2HC1 

Hydrate  of  diplatosamine,  .  .  .  N„H5Pt'.2H0 
Hydrochlorate  of  diplatosamine,  .  .  N^H^Pt' .  HCl 
Sulphate  of  diplatosamine,    .       .       .       NaHgPt' .  HO .  SOg 

Some  of  the  salts  o{  diplatinamine  (NjH^Pt")  have  been  ol^tained,  this  base  being 
derived  from  two  equivalents  of  ammonia  in  which  H^  have  been  replaced  by  Pt". 

The  sulphides  of  platinum  correspond  in  composition  to  the  oxides  and  chlorides, 
and  may  be  obtained  by  the  action  of  hydrosulpliuric  acid  upon  the  respective  chlo- 
rides, as  black  precipitates. 

299.  Equivalent  and  atomic  loeiglits  of  platinum. — Platinic  chloride, 
analysed  in  its  pure  combination  with  chloride  of  potassium,  is  found  to 
contain  35-5  parts  by  weight  (1  eq.)  of  chlorine  combined  with  49-3  parts 
of  platinum,  and  this  latter  number  would  represent  the  equivalent  weight 
of  platinmn  if  the  platinic  chloride  contained  a  single  equivalent  of  chlo- 
rine ;  but  since  the  platinous  chloride  contains  only  half  as  much  chlorine 
as  the  platinic  chloride,  it  is  usual  to  represent  the  former  as  containing 
1  eq.  and  the  latter  2  eqs.  of  chlorine  combined  with  1  eq.  of  platinum, 
so  that  the  equivalent  weight  of  platinum  (the  quantity  combined  with 
71  jiarts  or  2  eqs.  of  chlorine)  would  be  98'6,  a  view  which  is  confirmed 
by  the  composition  of  the  ammonia  derivatives  containing  platinum. 
The  specific  heat  of  platinum  shows  that  its  atomic  weight  must  be  twice  its 
equivalent  weight,  or  197 "2,  and  since,  in  the  platinic  compounds,  which 
may  be  regarded  as  the  normal  compounds  of  platinum,  this  weight  of 
the  ]netal  occupies  the  place  of  4  atoms  of  hydrogen,  platinum  is  gene- 
rally regarded  as  a  tetratomic  element  (Pf'  =  197-2),  and  the  atomic 
formuUe  of  its  chief  compounds  are  written  thus :  platinous  oxide, 
PtO ;  platinic  oxide,  PtO., ;  platinous  chloride,  PtCl., ;  platinic  chloride, 
PtClj ;  hydrate  of  platosamine,  NjH^Pt"  .  H^O ;  hydrate  of  platinamine, 
N^H^Pt'^,  m^Q  ;  hydrate  of  diplatosamine,  N^H.^Pt".  2B.^^. 

300.  Palladium  is  found  in  small  quantity  associated  with  native  gold  and  pla- 
tinum. It  presents  a  great  general  resemblance  to  platinum,  but  is  distinguished 
from  it  by  being  far  more  easily  oxidised,  and  by  its  special  attraction  for  cyanogen, 
with  which  it  forms  an  insoluble  compound.  This  circumstance  is  taken  advantage 
of  in  separating  palladium  from  the  platinum  ores,  for  which  purpose  the  solution 
from  which  the  greater  part  of  the  platinum  has  been  precipitated  by  hydrochlorato 
of  ammonia  (p.  394)  is  neutralised  with  carbonate  of  soda,  and  mixed  with  solution 
of  cyanide  of  mercury  (Hg,  O^N),  when  a  yellowish  precipitate  of  cyanide  of  pal- 
ladium is  obtained,  yielding  spongy  palladium  when  heated,  which  may  bo  welded 
into  a  compact  form  in  the  same  manner  as  platinum.  When  alloyed  with  native 
gold,  palladium  is  separated  by  fusing  the  alloy  with  silver,  and  boiling  it  with 
nitric  acid,  which  leaves  the  gold  undissolved.  The  silver  is  precipitated  from  tho 
polution  as  chloride  by  adding  chloride  of  sodium,  and  metallic  zinc  is  placed  in  tho 
liquid,  which  precipitates  tho  palladium,  lead,  and  copper,  as  a  black  powder.  This 
is  dissolved  in  nitric  acid,  and  the  solution  mixed  with  an  excess  of  ammonia,  which 
precijiitates  tho  oxide  of  lead,  leaving  the  cojjpor  and  palladium  in  solution.  On 
adding  liydrocliloric  aoid  in  sliglit  excess,  a  yellow  precipitate  of  hydrochlorate  of  pal- 
ladmnine  (NHjjPd  .HCl)  is  obtained,  which  leaves  metallic  palladium  when  hcatcul. 

Palladium  is  liardor  than  platinum  and  much  lighter  (sp.  gr.  11'5);  it  is  malle- 
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able  and  ductile  like  that  metal,  and  somewhat  more  fusible,  though  it  cannot  be 
melted  in  an  ordinary  furnace*  It  is  unchangeable  in  air  unless  heated,  when  it 
becomes  blue  from  superficial  oxidation,  but  regains  its  whiteness  when  further 
heated  the  oxide  being  decomposed.  Unlike  platinum,  it  may  be  dissolved  by 
nitric  acid,  forming  nitrale  of  palladium  (PdO  .  NOj),  which  is  sometimes  employed 
in  analysis  for  precipitating  iodine  from  the  iodides,  in  the  form  of  black  iodide  of 
palladium  (Pdl).  Palladium  is  useful,  on  account  of  its  hardness,  lightness,  and 
resistance  to  tarnish,  in  the  construction  of  philosophical  instruments  ;  alloyed  with 
twice  its  weight  of  silver,  it  is  used  for  small  weights.  _  _ 

Of  the  oxides  of  palladium,  two  correspond  with  those  of  platinum,  and  a  basic  sub- 
oxide (PdjO)  has  been  obtained  by  gently  heating  the  protoxide.  Bichloride  of  pal- 
ladium (PdClo)  is  very  unstable,  being  easily  decomposed,  even  in  solution,  into  tlie 
protochloride  (PdCl)  and  free  chlorine.  Both  the  chlorides  form  double  salts  with 
the  alkaline  chlorides,  those  containing  the  palladious  chloride  (PdCl)  having  a 
dark  green  colour.  A  pulverulent  carbide  of  palladium  is  formed  when  the  metal  is 
heated  in  the  flame  of  a  spirit-lamp. 

301.  Rhodium,  another  of  the  metals  associated  with  the  ores  of  platinuin,  has 
acquired  its  name  from  the  red  colour  of  many  of  its  salts  {'foisv,  a  rose).  It  is  ob- 
tained from  the  solution  of  the  ore  in  aqua  regia  by  precipitating  the  platinum  with 
hydrochlorate  of  ammonia,  neutralising  with  carbonate  of  soda,  adding  cyanide  of 
mercury  to  separate  the  palladium,  and  evaporating  the  filtered  solution  to  dryness 
with  excess  of  hydrochloric  acid.  On  treating  the  residue  with  alcohol,  the  double 
chloride  of  rhodium  and  sodium  is  left  undissolved  as  a  red  powder.  By  heating 
this  in  a  tube  through  which  hydrogen  is  passed,  the  rhodium  is  reduced  to  the 
metallic  state,  and  the  chloride  of  sodium  may  be  washed  out  with  water,  leaving 
a  grey  powder  of  metallic  rhodium,  which  is  fused  by  the  oxyhydrogen  blowpipe 
with  greater  difiSculty  than  platinum,  and  forms  a  very  hard  malleable  metal  not 
dissolved  even  by  aqua  regia,  although  this  acid  dissolves  it  in  the  ores  of  platinum, 
because  it  is  alloyed  with  other  metals.  If  platinum  be  alloyed  with  30  per  cent, 
of  rhodium,  however,  it  is  not  affected  by  aqua  regia,  which  will  probably  render  the 
alloy  useful  for  chemical  vessels.  Ehodium  may  be  brought  into  solution  by  fusing 
it  with  bisulphate  of  potash,  when  sulphurous  acid  escapes,  and  a  double  sulphate 
of  rhodium  and  potash  is  formed,  which  gives  a  pink  solution  with  water.  Finely 
divided  rhodium  is  oxidised  when  heated  in  air.  It  appears  to  form  two  oxides,  the 
protoxide  (KoO),  which  is  very  little  known,  and  the  sesquioxide  (RojO,),  obtained  by 
fusing  rhodium  with  carbonate  of  potash  and  nitre,  and  washing  the  fused  mass 
with  water,  which  leaves  an  insoluble  compound  of  the  sesquioxide  with  potash  ;  on 
treating  this  with  hydrochloric  acid,  the  sesquioxide  of  rhodium  is  left.  It  is  not 
decomposed  by  heat,  and  is  insoluble  in  acids,  though  it  is  a  basic  oxide,  and  its 
salts,  which  have  a  red  colour,  are  obtained  by  indirect  methods. 

Sesquichloride  of  rhodium  (Ro^Cla)  has  a  brownish  black  colour,  and  does  not 
crystallise.  Its  aqueous  solution  is  red,  and  it  forms  crystallisable  double  salts  with 
the  alkaline  chlorides,  which  have  a  fine  red  colour.  The  double  chloride  of  rhodium 
and  sodium,  (3NaCl .  Ro^Clj)  .18Aq.,  is  prepared  by  heating  a  mixture  of  pulveru- 
lent rhodium  and  chloride  of  sodium  in  a  current  of  chlorine.  It  crystallises  in  red 
octahedra.  On  boiling  a  solution  of  sesquichloride  of  rhodium  with  ammonia  m 
excess,  a  yellow  ammoniated  salt  (Ro^Cl., .  SNH^)  may  be  crystaUised  out,  from 
which  metallic  rhodium  may  be  obtained  by  ignition. 

With  sulphur,  rhodium  combines  energetically  at  a  high  temperature ;  a  proto- 
sulphide  and  a  sesquisulphide  have  been  obtained. 

302.  Osmium  is  characterised  by  its  yielding  a  very  volatile  acid  oxide  (osmic 
acid,  OSO4),  the  vapours  of  which  have  a  very  irritating  odour  {UfLt,,  odour).  It 
occurs  in  the  ores  of  platinum  in  flat  scales,  consisting  of  an  alloy  of  osmium, 
iridium,  ruthenium,  and  rhodium.  This  alloy  is  also  found  associated  with  native 
gold,  and  being  very  heavy,  it  accumulates  at  the  bottom  of  the  crucible  m  which 
the  gold  is  melted.  The  osmium  alloy  is  extremely  hard,  and  has  been  used  to  tip 
the  points  of  gold  pens.  When  a  grain  of  it  happens  to  bo  present  in  the  gold 
which  is  being  coined,  it  often  seriously  injures  the  die.    When  the  platinum  ore 

*  Palladium,  at  a  slightly  elevated  temperature,  absorbs,  niecbanically,  many  times  its 
volume  of  hydrogen.  Haiiiiiiered  palladium  foil  condenses  640  times  its  volume  of  hydrogen, 
below  212°  F.,  though  it  has  not  the  power  of  absorbing  oxygen  or  nitrogen.  Foif  made 
from  fused  palladium  only  absorbs  68  times  its  volume  of  hydrogen.— ^Graham,  Proc.  hay. 
See,  June  1866). 
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is  treated  with  aqua  regia,  this  alloy  is  left  undissolved,  together  with  grains  of 
chrome-iron  ore  and  titanic  iron.  To  extract  the  osmium  from  this  residue,  it  is 
heated  in  a  porcelain  tube  through  which  a  current  of  dry  air  is  passed,  when  the 
osmium  is  converted  into  osmic  acid,  the  vapour  of  which  is  carried  forward  by  the 
current  of  air  and  condensed  in  bottles  provided  to  receive  it.  Tlie  osmic  acid  forms 
colourless  prismatic  crystals  which  fuse  and  volatilise  below  the  boiling-point  of 
water,  yielding  a  most  irritating  vapour  resembling  chlorine.  It  is  very  soluble  in 
water,  giving  a  solution  which  exhales  the  odour  of  the  acid  and  stains  the  skin 
black ;  tincture  of  galls  gives  a  blue  precipitate  with  the  solution.  Its  acid  pro- 
perties are  feeble,  for  it  neither  reddens  litmus  nor  decomposes  the  carbonates,  and 
its  salts  are  decomposed  by  boiling  their  solutions.  By  adding  hydrosulphuric  acid 
to  a  solution  of  osmic  acid,  the  tetrasulphide  of  osmium  (OsS^)  is  obtained  as  a  black 
precipitate,  and  if  this  be  carefully  dried  and  heated  iu  a  crucible  made  of  gas-carbon, 
metallic  osmium  is  obtained  as  a  brittle  mass  (sp.  gr.  21-4;,  which  is  not  fused  even 
by  the  oxyhydrogen  blowpipe,  and  is  not  soluble  in  acids.  When  obtained  by  other 
processes  in  a  finely  divided  state,  osmium  oxidises  even  at  the  ordinary  temperature, 
and  emits  the  odour  of  osmic  acid.  In  this  state,  also,  it  may  be  dissolved  by  nitric 
acid,  which  converts  it  into  osmic  acid. 

By  dissolving  osmic  acid  iu  potash  and  adding  alcohol,  the  latter  is  oxidised  at 
the  expense-  of  the  osmic  acid,  and  rose-coloured  octahedral  crystals  of  osmite  of 
potash  (KO  .  OSO3,  2Aq.)  are  obtained ;  the  osmious  acid  has  not  been  isolated.  A 
protoxide  and  a  binoxide  of  osmium  have  been  obtained. 

Osmium  appears  to  form  four  chlonAes^rotochloride  (OsCl),  sesquicUoride 
(082013),  bichloride  (OsClj),  and  terchloride  (OsClj).  The  protochloride  and  bichloride 
are  formed  by  the  direct  combination  of  chlorine  with  osmium ;  the  former  sublimes 
in  green  needles,  which  yield  a  blue  solution  in  water,  soon  absorbing  oxygen  from 
the  air  and  becoming  converted  into  bichloride.  By  heating  a  mixture  of  pulverulent 
osmium  with  chloride  of  potassium  in  a  current  of  chlorine,  a  double  chloride  of 
osmium  and  potassium  (KCl,  OsClj),  is  obtained  which  is  sparingly  soluble,  and 
crystallises  in  octahedra  like  the  corresponding  salt  of  platinum.  When  decom- 
posed with  nitrate  of  silver,  it  gives  a  dark  green  precipitate  (AgGl,  OsClg). 

303.  Ruthenium.* — In  the  process  for  extracting  osmium  from  the  residue  left 
on  treating  the  platinum  ore  with  aqua  regia,  by  heating  in  a  current  of  air,  square 
prismatic  crystals  of  binoxide  of  ruthenium  (RuOj)  are  deposited,  nearer  to  the  heated 
portion  of  the  tube  than  the  osmic  acid,  for  the  binoxide  is  not  itself  volatile,  being 
only  carried  forward  mechanically  in  company  with  the  osmic  acid.  When  binoxide 
of  ruthenium  is  heated  in  hydrogen,  metallic  ruthenium  is  obtained  as  a  hard,  brittle, 
almost  infusible  metal,  which  is  scarcely  affected  even  by  aqua  regia.  The  pro- 
toxide of  ruthenium  (UuO)  is  a  dark  grey  powder  insoluble  in  acids.  The  sesquioxide 
(Ru^O^)  and  the  binoxide  (EuOg)  have  feebly  basic  properties.  The  sesquioxide 
is  not  decomposed  by  heat.  The  anhydrous  binoxide  is  a  greenish  blue  powder. 
Ruthenic  acid  (RuO,)  is  known  only  in  combination  with  bases. 

304.  Iridium,  named  from  Iris,  the  rainbow,  in  allusion  to  the  varied  colours  of  its 
compounds,  has  been  mentioned  above  as  occurring  in  the  insoluble  alloy  from  the 
platinum  ores.  It  is  also  sometimes  found  separately,  and  occasionally  alloyed  with 
platinum,  the  alloy  crystallising  in  octahedra,  which  are  even  heavier  than  platinum 
(sp.  gr.  22-3).  If  the  insoluble  osmiridium  alloy  left  by  aqua  regia  be  mixed  with 
common  salt  and  heated  in  a  current  of  chlorine,  a  mixture  of  the  sodio-chlorides  of 
the  metals  is  obtained,  and  may  be  extracted  by  boiling  water.  If  the  solution  be 
evaporated  and  distilled  with  nitric  acid,  the  osmium  is  distilled  off  as  osmic  acid, 
and  by  adding  chloride  of  ammonium  to  the  residual  solution,  the  iridium  is  pre- 
cipitated as  a  dark  red-brown  amraonio-chloride  (NH3,  HCl,  IrCIj)  which  leaves 
metallic  iridium  when  heated.  Like  platinum,  it  then  forms  a  grey  spongy  mass, 
hut  is  oxidised  when  heated  in  air,  and  may  be  fused  with  the  oxyhydrogen 
blowpipe  to  a  hard  brittle  mass  (sp.  gr.  2r2),  which  does  not  oxidise  in  air.  Like 
rhodium  it  is  not  attacked  by  aqua  regia,  unless  alloyed  with  platinum.  The  pro- 
duct of  the  oxidation  of  finely  divided  iridium  in  air  is  the  sesquioxide  (Ir^O„),  which 
is  a  black  powder  used  for  imparting  an  intense  black  to  porcelain  ;  it  is  insoluble 
in  acids.  The  protoxide  (IrO)  is  also  moro  easily  acted  upon  by  alkalies  than  by 
acids ;  its  solution  in  potash  becomes  blue  when  exposed  to  air,  from  the  formation 

•  A  nev  mineral  found  in  Borneo,  and  named  laurite,  contains  sulphides  of  ruthenium 
and  osmium.    It  forms  small  lustrous  granules. 

2  c 
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of  the  binoxide  (IrOg).  The  teroxide  {IvO,)  is  green  The  protochloride  (IrCl)  and 
bichloride  (IrCL)  of  iridium  resemble  the  corresponding  chlorides  of  platinum  in 
forming  double  salts  with  the  alkaline  chlorides.  There  is  also  a  sesquichlonde 
(Ir,CL),  the  solution  of  which  has  a  green  colour,  and  gives  a  yellow  precipitate 
with  mercurous  nitrate,  and  a  blue  precipitate,  soon  becoming  white,  with  nitrate 
of  silver.  Iridium  resembles  palladium  in  its  disposition  to  combine  with  carbon 
when  heated  in  the  flame  of  a  spirit-lamp. 

305  The  followin"-  table  exibits  a  general  view  of  the  analytical  process  by  which 
the  remarkable  metals  associated  in  the  ores  of  platinum  may  be  separated  from 
each  other,  omitting  the  minor  details  which  are  requisite  to  ensure  the  purity  ot 
each  metal. 

Analysis  of  the  Ore  of  Platinum. 
Boil  with  aqua  regia. 


Dissolved. 
PLATimrM,  Palladioti,  Rhodium. 

Add  chloride  of  ammonium. 

Precipitated ; 

PLATiumi 
asNHjCl,  PtClj 

Solution ; 
Neutralise  with  cavtionate  of  soda; 
add  cyanide  of  mercury. 

Precipitated ; 

PALLADimi 

as  PdCy. 

Solution ; 
Evaporate  with 
hydrochloric  acid. 
Ti-eat  wix'h  alcohol. 

Insoluble. 

Rhodiuji 
as  SNaCl.RoaCla. 

Undissolved. 
iKiomM,  Osmium,  Rutheniujl 
Chrome  iron.  Titanic  iron,  <fec. 
Heat  in  current  of  dry  air. 


Volatilised 
Osjmnii 
as  OsOj . 


Carried 
forward  by 
the  current ; 
Rdthenium 

as  RnOj . 


Residue ; 
Mix  with  chloride  of 
sodium,  and  heat  in 
current  of  chloi-ine. 
Treat  with  boiling  water. 


Dissolved 
Imdium 
asNaCLIrClj 


Residue. 
Titanic  iron. 
Chrome  iron, 
ifcc. 


The  group  of  platinoid  metals  exhibits  some  very  remarkable  features,  and  it  is  to 
be  regretted  that  it  is  comparatively  imperfectly  known  in  consequence  of  the  diffi- 
culty and  expense  attendant  upon  the  purification  of  the  metals.  Its  members  may 
be  arranged  in  two  divisions,  tlie  metals  in  each  agreeing  closely  m  their  equivalent 
weights  and  specific  gravities. 


Platinum, 
Osmium,  . 
Iridium, 


Eq. 

98-  56 

99-  41 
98-56 


Sp.  gr. 
21-5 
21-4 
21-2 


Palladium, 

Rhodium, 

Ruthenium, 


Eq. 

53-24 
52-16 
52-11 


Sp.  gr. 

11-  4 

12-  1 
11-4 


Through  osmium,  this  group  of  elements  is  connected  with  the  group  containing 
antimony,  arsenic,  and  phosphorus,  which  osmium  resembles  in  the  facility  witli 
which  it  is  oxidised,  and  in  the  Volatility  of  the  oxide  formed.  Palladium  connects 
it  with  mercury  and  silver  by  its  solubility  in  nitric  acid,  and  its  special  attraction 
for  cyanogen  and  iodine. 

GOLD. 

306.  Gold  is  one  of  those  few  metals  wHcli  are  always  found  in  the 
metallic  state,  and  is  remarkable  for  the  extent  to  which  it  is  distributed, 
though  in  small  quantities,  over  the  surface  of  the  earth.  The  principal 
supplies  of  this  metal  are  derived  from  Australia,  California,  Mexico, 
Brazil,  Peru,  and  the  Uralian  Mountains.  Small  quantities  have  been 
occasionally  met  with  in  our  own  islands,  particularly  at  AVicklow,  at 
Cader  Idris  in  Wales,  Leadhills  in  Scotland,  and  in  Cornwall. 

The  mode  of  the  occui-rence  of  gold  in  the  mineral  kuigdom  resembles 
that  of  the  ore  of  tin,  for  it  is  either  found  dissemiuated  in  the  primitive 
rocks,  or  in  alluvial  deposits  of  sand,  which  appear  to  have  been  formed 
by  the  disintegration  of  those  rocks  under  the  continued  action  of  torrents. 
In  the  former  case,  the  gold  is  often  found  crystallised  in  cubes  and  octa- 
hedra,  or  in  forms  derived  from  these,  and  sometimes  aggregated  together 
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in  dendritic  or  branch-like  forms.  In  the  alluvial  deposits,  the  gold  is 
usually  found  in  small  scales  (gold  dust),  but  sometimes  in  masses  of  con- 
siderable size  (nuggets),  the  rounded  appearance  of  which  indicates  that 
they  have  been  subjected  to  attrition. 

The_  extraction  of  the  particles  of  gold  from  the  alluvial  sands  is  effected 
by  takiiig  advantage  of  tlie  high  specific  gravity  of  the  metal  (19-3),  which 
causes  it  to  remain  behmd,  whilst  the  sand,  which  is  very  much  lighter 
(sp.  gr.  2-6),  is  carried  away  by  water.  This  washing  is  commonly 
performed  by  hand,  in  wooden  or  metal  bowls,  in  which  the  sand  is 
shaken  up  with  water,  and  the  lighter  portions  dexterously  poured  off,  so 
as  to  leave  the  grains  of  gold  at  the  bottom  of  the  vessel.  On  a  somewhat 
larger  scale,  the  auriferous  sand  is  washed  in  a  cradle  or  inclined  wooden 
trough,  fiu-nished  with  rockers,  and  with  an  opening  at  the  lower  end  for  the 
escape  of  the  water.  The  sand  is  thrown  on  to  a  grating  at  the  head  of  the 
cradle,  which  retains  the  large  pebbles,  whilst  the  sand  and  gold  pass 
through,  the  former  being  washed  away  by  a  stream  of  water  which  is  kept 
flowing  through  the  trough. 

When  the  gold  is  disseminated  through  masses  of  quartz  or  other  rock, 
much  labour  is  expended  in  crushing  the  latter  before  the  gold  can  be 
separated.  This  is  effected  either  by  passing  the  coarse  fragments  between 
heavy  rollers  of  hard  cast-iron,  or  by  stamping  them,  with  wooden  beams 
shod  with  iron,  in  troughs  through  which  water  is  kept  continually 
flowing. 

In  some  cases  it  is  found  advantageous  to  smelt  the  ore  by  fusing  it 
with,  some  substance  capable  of  uniting  with  the  gold,  and  of  being  after- 
wards readily  separated  from  it.  Lead  is  pecuHarly  adapted  for  this  pur- 
pose ;  the  crushed  ore,  being  mixed  with  a  suitable  proportion,  either  of 
metallic  lead,  or  of  litharge  (oxide  of  lead)  and  charcoal,  or  even  of  galena 
(sulphide  of  lead),  together  with  some  lime  and  oxide  of  iron  or  clay,  to 
flux  the  silica,  is  fused  on  the  hearth  of  a  reverberatory  furnace,  when  the 
fused  lead  dissolves  the  particles  of  gold,  and  collects  beneath  the  lighter 
slag.  The  lead  is  afterwards  separated  from  the  gold  by  cupellation  (see 
p.  353). 

In  smelting  the  ores  of  gold  in  Hungary,  the  metal  is  concentrated  by 
means  of  sulphide  of  iron.  The  ore  consists  of  quartz  and  iron  pyrites 
(bisulphide  of  iron)  containing  a  little  gold.  On  fusing  the  crushed  ore 
with  lime,  to  flux  the  quartz,  the  pyrites  loses  half  its  sulphur,  and  becomes 
sulphide  of  iron  (FeS),  which  fuses  and  sinks  below  the  slag,  carrying  with 
it  the  whole  of  the  gold.  If  this  product  be  roasted  so  as  to  convert  the 
iron  into  oxide,  and  be  then  again  fused  with  a  fresh  portion  of  the  ore, 
the  oxide  of  iron  will  flux  the  quartz,  whilst  the  fresh  portion  of  sul- 
phide of  iron  will  carry  down  the  whole  of  the  gold  contained  in  both 
quantities  of  ore.  This  operation  having  been  repeated  until  the  sulj)hide 
of  iron  is  rich  in  gold,  it  is  fused  with  a  certain  quantity  of  lead,  which 
extracts  the  gold  and  falls  to  the  bottom.  The  lead  is  then  cupelled  in 
order  to  obtain  the  gold. 

When  the  ores  of  lead,  silver,  or  copper  contain  gold,  it  is  always  found 
to  have  accompanied  the  silver  extracted  from  them,  and  is  separated  from 
it  by  a  process  to  be  presently  noticed.  " 

Gold  is  sometimes  separated  from  the  impurities  remaining  with  it  after 
extraction  by  washing,  by  the  process  of  amalgamation,  wliich  consists  in 
shaking  the  mixture  with  mercury  in  order  to  dissolve  the  gold-dust  and 
straining  the  liquid  amalgam  through  a  chamois  leather,  which  allows  the 
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excess  of  mercury  to  pass  tln-ough,  but  retains  the  solid  portion  containing 
the  gold,  from  which  the  mercury  is  then  separated  by  distillation.* 

In  the  Tyrol,  this  process  is  adopted  for  separating  the  gold  from  an 
auriferous  iron  pyrites  by  grinding  it  in  a  mill  of  peculiar  construction, 
with  water  and  a  little  mercury,  the  latter  being  allowed  to  act  upon  suc- 
cessive portions  of  ore  until  it  becomes  sufficiently  rich  to  be  strained  and 

distilled.  ,    .  i '      •  n  . - 

Gold,  as  found  in  nature,  is  generally  alloyed  with  variable  proportions 
of  silver  and  copper,  the  separation  of  which  is  the  object  of  the  gold 
refiner.  It  may  be  effected  by  means  of  nitric  acid,  which  will  dissolve 
the  silver  and  copper,  provided  that  they  do  not  bear  too  smaU  a  propor- 
tion to  the  gold.  Sulphuric  acid,  however,  being  very  much  cheaper,  is 
weneraUy  employed.  The  alloy  is  fused  and  poured  into  water,  so  as  to 
'^anulate  it  and  expose  a  larger  surface  to  the  action  of  the  acid ;  it  is 
then  boiled  with  concentrated  sulphuric  acid  (oO.  of  vitriol),  which  dis- 
solves the  silver  and  the  copper  in  the  form  of  sulphates,  with  evolution 
of  sulphurous  acid  gas,  whilst  the  gold  is  left  untouched.  In  order  to 
recover  the  silver  from  the  solution,  scraps  of  copper  are  introduced  into 
it,  when  that  metal  decomposes  the  sulphate  of  silver,  producing  sulphate 
of  copper,  and  causing  the  deposition  of  the  silver  in  the  metallic  state. 
Finally,  the  sulphate  of  copper  may  be  obtained  from  the  solution  by 
evaporation  and  crystalhsation.  This  process  is  so  effectual  when  the 
proportion  of  gold  in  an  alloy  is  very  small,  that  even  ^^th.  part  of  this 
metal  may  be  profitably  extracted  from  100  parts  of  an  alloy,  and  much 
gold  has  been  obtained  in  this  way  from  old  silver-plate,  coins,  &c.,  which 
were  manufactured  before  so  perfect  a  process  for  the  separation  of  these 
metals  was  known.  On  boiling  old  silver  coins  or  ornaments  with  nitric 
acid,  they  are  generally  found  to  yield  a  minute  proportion  of  gold  in  the 
form  of  a  purple  powder.  But  this  plan  of  separation  is  not  so  successful 
when  the  aUoy  contains  a  very  large  quantity  of  gold,  for  the  latter  metal 
seems  to  protect  the  copper  and  silver  from  the  solvent  action  of  the  acid. 
Thus,  if  the  alloy  contains  more  than  ^th  of  its  weight  of  gold,  it  is 
customary  to  fuse  it  with  a  quantity  of  silver,  so  as  to  reduce  the  propor- 
tion of  gold  below  that  point,  before  boiling  it  with  the  acid.  Again,  if 
the  alloy  contains  a  large  quantity  of  copper,  it  is  found  expedient  to 
remove  a  great  deal  of  this  metal  in  the  form  of  oxide  by  heating  the  alloy 
in  a  current  of  air.  •     •  • 

Pure  gold,  like  pure  silver,  is  too  soft  to  resist  the  wear  to  which  it  is 
subjected  in  its  ordinary  uses,  and  it  is  therefore  alloyed  for  coinage  in 
this  country  with  j\th.  of  its  weight  of  copper,  so  that  gold  coin  contains 
1  part  of  copper  and  11  parts  of  gold.  The  gold  used  for  articles  of 
jewellery  is  alloyed  with  variable  proportions  of  copper  and  silver.  The 
alloy  of  copper  and  gold  is  much  redder  than  pure  gold. 

The  degree  of  purity  of  gold  is  generally  expressed  by  quoting  it  &s  oi 
so  many  carats  fine.  Thus,  pure  gold  is  said  to  be  24  carats  fine ;  English 
standard  gold  is  22  carats  fine,  that  is,  contains  22  carats  of  gold  out  oi 
the  24.  Gold  of  18  carats  fine  would  contain  18  parts  of  gold  out  of  the 
24,  or  f  ths  of  its  weight  of  gold. 

Pure  gold  is  easily  prepared  from  standard  or  jeweller's  gold,  by  dissolving  it  in 
hydrochloric  acid  mixed  with  one-fourth  of  its  volume  of  nitric  acid,  evaporating 
the  solution  to  a  small  bulk  to  expel  excess  of  acid,  diluting  with  a  considerable 
*  A  small  quantity  of  sodium  dissolved  in  the  mercury  has  been  foiuid  verj'  materially 
to  laoilitate  the  amalgamation  of  gold  and  silver  ores. 
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quantity  of  water,  filtering  from  the  separated  chloride  of  silver,  and  adding  a  solu- 
tion of  sulphate  of  iron,  when  the  gold  is  precipitated  as  a  dark  purple  powder, 
which  may  be  collected  on  a  filter,  well  washed,  dried,  and  fused  in  a  small  crucible 
with  a  little  borax,  the  crucible  having  been  previously  glazed  with  borax  to  prevent 
adhesion  of  the  globules  of  gold.  The  action  of  the  sulphate  of  iron  upon  the  ter- 
chloride  of  gold  is  explained  by  the  equation — 

AuClg  +  6(FeO .  SO3)  =  Au  +  Fe^Gl^  +  2(Fe20^ .  3SO3)  . 

By  employing  oxalic  acid  instead  of  sulphate  of  iron,  and  heating  the  solution, 
the  gold  is  precipitated  in  a  spongy  state,  and  becomes  a  coherent  lustrous  mass 
under  pressure.    The  metal  is  employed  in  this  form  by  dentists. 

When  standard  gold  is  being  dissolved  in  aqua  regia,  it  sometimes  becomes  coated 
with  a  film  of  chloride  of  silver  which  stops  the  action  of  the  acid ;  the  liquid  must 
then  be  poured  off,  the  metal  washed,  and  treated  with  ammonia,  which  dissolves 
the  chloride  of  silver ;  the  ammonia  must  be  washed  away  before  the  metal  is  re- 
placed in  the  acid.  In  the  case  of  jeweller's  gold,  it  is  advisable  to  extract  as  much 
silver  and  copper  as  possible  by  boiling  it  with  nitric  acid,  before  attempting  to  dis- 
solve the  gold.  Gold  lace  should  be  incinerated  to  get  rid  of  the  cotton  before  being 
treated  with  acid. 

The  genuineness  of  gold  trinkets,  &c.,  is  generally  tested  by  touching  them  with 
nitric  acid,  which  attacks  them  if  they  contain  a  very  considerable  proportion  of 
copper,  producing  a  green  stain,  but  this  test  is  evidently  useless  if  the  surface  be 
gilt.  The  weight  is,  of  course,  a  good  criterion  in  practised  hands,  but  even  these 
have  been  deceived  by  bars  of  platinum  covered  with  gold.  The  specific  gravity 
may  be  taken  in  doubtful  cases  ;  that  of  sovereign  gold  is  17'157. 

In  assaying  gold,  the  metal  is  wrapped  in  a  piece  of  thin  paper  together  with  about 
three  times  its  weight  of  pure  silver,  and  added  to  twelve  times  its  weight  of  pure 
lead  fused  in  a  bone-ash  cupel  [see  page  355)  placed  in  a  mufiSe  (or  exposed  to  a 
strong  oxidising  blowpipe  fiame),  when  the  lead  and  copper  are  oxidised,  and  the 
fused  oxide  of  lead  dissolves  that  of  copper,  both  being  absorbed  by  the  cupel. 
When  the  metallic  button  no  longer  diminishes  in  size,  it  is  allowed  to  cool,  ham- 
mered into  a  flat  disk,  which  is  annealed  by  being  heated  to  redness,  and  rolled  out 
to  a  thin  plate,  so  that  it  may  be  rolled  up  by  the  thumb  and  finger  into  a  cornet, 
which  is  boiled  with  nitric  acid  (sp.  gr.  1-18)  to  extract  the  silver;  the  remaining 
gold  is  washed  with  distilled  water,  and  boiled  with  nitric  acid  of  sp.  gr.  1-28  to 
extract  the  last  traces  of  silver,  after  which  it  is  again  washed,  heated  to  redness  in 
a  small  crucible,  and  weighed. 

The  stronger  nitric  acid  could  not  be  used  at  first,  since  it  would  be  likely  to 
break  the  cornet  into  fragments  which  could  not  be  so  readily  washed  witliout  loss. 
The  addition  of  the  three  parts  of  silver  [quartation)  is  made  in  order  to  divide  the 
alloy,  and  permit  the  easy  extraction  of  the  silver  by  nitric  acid,  which  cannot  be 
eff"ected  when  the  gold  predominates. 

307.  The  physical  characters  of  gold  render  it  very  conspicuous  among  the 
metals  ;  it  is  the  heaviest  of  the  metals  in  common  use,  mth  the  exception 
of  platinum,  its  specific  gravity  being  19 '3.  In  malleahility  and  ductility 
it  surpasses  all  other  metals  ;  the  former  property  is  turned  to  advantage 
for  the  manufacture  of  gold  leaf,  for  which  purpose  a  bar  of  gold  is  passed 
between  roUers  which  extend  it  into  the  form  of  a  riband  ;  this  is  cut  up 
into  squares,  which  are  packed  between  layers  of  fine  vellum,  and  beaten 
with  a  heavy  hammer ;  these  thinner  squares  are  then  again  cut  up  and 
beaten  between  layers  of  gold-beater's  skin  until  they  are  sufflciently  thin. 
An  ounce  of  gold  may  thus  be  spread  over  100  square  feet;  282,000  of 
such  leaves  placed  upon  each  other  form  a  pile  of  only  one  inch  high. 
These  leaves  will  allow  light  to  pass  through  them,  and  always  appear 
green  or  blue  when  held  up  to  the  light,  though  they  exhibit  the  ordmary 
colour  of  gold  by  reflected  light ;  extremely  tliiu  leaves  of  gold,  obtained 
by  partially  dissolving  ordinary  gold  leaf  by  floating  it  on  solution  of 
cyanide  of  potassium,  transmit  a  violet  or  a  red  light,  according  to  their 
thickness,  though  they  still  appear  yellow  by  reflected  light,  and  if  taken 
np  on  a   glass  plate  and  heated  to  about  600"  F.  they  lose  their 
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golden  reflection  and  become  ruby  red,  changing  to  green  if  pressed  with 
a  hard  substance.  If  very  finely  divided  gold  be  suspended  m  water,  it 
imparts  a  violet  or  red  colour  to  it.  Such  coloured  fluids  containing  very 
minute  particles  of  gold  in  a  state  of  suspension,  may  be  obtained  by  the 
action  of  phosphorus  dissolved  in  ether  upon  a  very  weak  solution  of 
gold  in  aqua  regia ;  on  standing  for  a  long  time,  the  particles  of  finely 
divided  gold  are  deposited,  having  the  same  tint  as  that  which  they 
previously  exhibited  when  suspended  in  the  liquid;  the  blue  particles 
being  less  minute  are  soonest  deposited,  but  the  red  particles  require  many 
months  to  settle  down.  These  divers  colours  of  finely  divided  gold  are 
taken  advantage  of  in  painting  upon  porcelain,  and  the  well-known 
mat^nificent  ruby  red  glass  owes  its  colour  to  the  same  cause,  xot Tr|^^  ^ 
gram  of  gold  is  capable  of  imparting  a  deep  rose  colour  to  a  cubic  inch 

of  fluid.  p  ij 

The  extreme  ductility  of  gold  is  exemplified  in  the  manufacture  ot  gold 
thread  for  embroidery,  in  which  a  cylinder  of  silver  having  been  covered 
with  gold  leaf,  it  is  drawn  through  a  wire-drawing  plate  and  reduced  to 
the  thinness  of  a  hair ;  in  this  way  six  ounces  of  gold  are  drawn  into  a 
cyhnder  two  hundred  miles  in  length.  Although  fusing  at  about  the 
same  temperature  as  copper,  gold  is  seldom  cast,  on  account  of  its  great 
contraction  during  solidification. 

Gold  is  not  even  affected  to  the  same  extent  as  silver  by  exposure  to  the 
atmosphere,  for  sulphuretted  hydrogen  has  no  action  upon  it,  and  hence 
no  metal  is  so  weU.  adapted  for  coating  surfaces  which  are  required  to 
preserve  their  lustre. 

The  gold  is  sometimes  applied  to  the  surfaces  of  metals  in  the  form  of 
an  amalgam,  the  mercury  being  afterwards  driven  off  by  heat.  _  ]\Ietals 
may  also  be  gilt  by  means  of  a  boiling  solution  prepared  by  dissolving 
gold  in  aqua  regia,  and  adding  an  excess  of  bicarbonate  of  potash  or  of 
soda.  But  the  most  elegant  process  of  gilding  is  that  of  electro-gilding, 
in  which  the  object  to  be  gilt  is  connected  with  the  negative  (zinc)  end 
of  the  galvanic  battery,  and  immersed  in  a  solution  of  cyanide  of  gold  in 
cyanide  of  potassium,  in  which  is  also  placed  a  gold  plate  connected  with 
the  positive  (copper)  end  of  the  battery,  and  intended,  by  gradually  dis- 
solving, to  replace  the  gold  abstracted  from  the  solution  at  the  negative 

pole.  1       r.  • 

A  gold  crucible  is  very  useful  in  the  laboratory  for  effecting  the  fusion 
of  substances  with  caustic  alkalies,  which  would  corrode  a  platinum  crucible. 

308.  Oxides  of  g-oZcZ.— Two' compounds  of  gold  with  oxygen  have  been 
obtained,  AuO  and  AuO.,  but  neither  of  them  is  of  any  great  practical 
importance.  . 

Teroxide  of  gold  or  auric  acid  (AuOj)  is  prepared  from  the  solution  ot 
gold  in  aqua  regia,  by  boiling  it  with  excess  of  potash,  decomposing  the 
aurate  of  potash  with  sulphuric  acid,  and  purifying  the  auric  acid  by 
dissolving  it  in  nitric  acid  and  precipitating  by  water.  It  forms  a  yellow 
precipitate,  which  is  easily  decomposed  by  exposure  to  light  or  to  a  tem- 
perature of  500°  F.  By  dissolving  it  in  potash  and  evaporatmg  in  vacuo, 
the  aurate  of  potash  is  obtained  in  yellow  needles  (KCAuO^,  6Aq.) 
Protoxide  of  gold  (AuO)  forms  a  dark  precipitate  when  protocliloride  of 
gold  is  decomposed  by  potash. 

ThQ  chlorides  of  gold,  correspond  in  composition  to  the  oxides.  Ihe 
iercMoride  of  gold  (AuCl,)  is  obtained  by  dissolving  gold  in  hydrochloric 
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acid  with,  one-fourtli  of  its  volume  of  nitric  acid,  and  evaporating  on  a 
water-bath  to  a  small  bulk ;  on  cooling,  yellow  j^rismatic  crystals  of  a 
compound  of  the  terchloride  with  hydrochloric  acid  are  deposited,  from 
which  the  hydrochloric  acid  may  be  expelled  by  a  gentle  heat  (not 
exceeding  250°  F.),  when  the  terchloride  forms  a  red  brown  deliquescent 
mass,  dissolving  very  readily  in  water,  giving  a  bright  yellow  solution 
which  stains  the  skin  and  other  organic  matter  jjurple  when  exposed  to 
light,  depositing  finely  divided  gold.  Almost  every  substance  capable  of 
combining  with  oxygen  reduces  the  gold  to  the  metallic  state.  The  inside 
of  a  perfectly  clean  flask  or  tube  may  be  covered  with  a  film  of  metallic 
gold  by  a  dilute  solution  of  the  terchloride  mixed  with  citric  acid  and 
ammonia,  and  gently  heated.  The  facility  with  which  it  deposits  metallic 
gold,  and  the  resistance  of  the  deposited  metal  to  atmospheric  action,  has 
rendered  terchloride  of  gold  very  useful  in  photography.  Alcohol  and 
ether  readily  dissolve  the  terchloride,  the  latter  being  able  to  extract  it 
from  its  aqueous  solution.  Terchloride  of  gold  (like  bichloride  of  platinum) 
forms  crystallisable  compounds  with  the  alkaline  chlorides  and  with  the 
hydrochlorates  of  organic  bases,  and  affords  great  help  to  the  chemist  in 
defining  these  last.  AurocliloHde  of  sodium  forms  reddish  yellow  pris- 
matic crystals  (NaCl .  AuClj,  4Aq.)  which  are  sometimes  sold  for  photo- 
graphic purposes. 

Protochlonde  of  gold  (AuCl)  is  obtained  by  gently  heating  the  terchlo- 
ride, when  it  fuses  and  is  decomposed  at  350°  F.,  leaving  the  protochloride, 
which  is  reduced  to  metallic  gold  at  about  400°  F.  The  protochloride  is 
sparingly  soluble  in  water  and  of  a  pale-yellow  colour.  Boiling  water 
decomposes  it  into  metallic  gold  and  terchloride. 

Fulminating  gold  is  obtained  as  a  bulf  precipitate  when  ammonia  is 
added  to  solution  of  terchloride  of  gold;  its  composition  is  not  well  estab- 
lished ,  but  appears  to  be  AUO3 ,  SNHg .  HO.  It  explodes  violently  when 
gently  heated. 

The  Sel  d'or  of  the  photographer  is  a  hyposulphite  of  gold  and  soda 
(AuO  .  S^Oj,  3(NaO  .  S^O^)?  ^-^I-))  which  is  obtained  in  fine  white  needles 
by  pouring  a  solution  of  one  part  of  terchloride  of  gold  into  a  solution  of 
three  parts  of  hyposulphite  of  soda,  and  adding  alcohol,  in  which  the 
double  salt  is  insoluble.    Its  formation  may  be  explained  by  the  equation — 

8(]SraO  .  S,0,)    +    AUCI3  = 
AuO  .  SA,  3(NaO  .  SA)    +    SNaCl   +  2(NaO.SA)- 
It  is  doubtful  whether  the  above  formula  represents  the  true  constitution 
of  this  salt,  for  it  is  not  decomposed  by  acids  in  the  same  manner  as  ordi- 
nary hyposulphites.    Nitric  acid  causes  the  whole  of  the  gold  to  separate 
in  the  metallic  state. 

Purple  of  Cassias,  which  is  employed  for  imparting  a  rich  red  colour  to 
glass  and  porcelain,  is  a  compound  of  gold,  tin,  and  oxygen,  which  are  be- 
hoved to  be  grouped  accordmg  to  the  formula  AuO.  SnO,_,,  SnO.  SnOj  +  4Aq. 
It  may  be  prepared  by  adding  protochloride  of  tin  to  a  mixture  of  bi- 
chloride of  tin  and  terchloride  of  gold ;  Y  parts  of  gold  are  dissolved  in 
aqua  regia  and  mixed  with  2  parts  of  tin  also  dissolved  in  aqua  regia  ; 
this  solution  is  largely  diluted  with  water,  and  a  weak  solution  of  1  part 
of  tin  in  hydrochloric  acid  is  added,  drop  by  drop,  till  a  fine  purple  colour 
is  produced.  The  purple  of  Cassius  remains  suspended  in  water  in  a  very 
Hue  state  of  division,  but  subsides  gradually,  especially  if  some  saline 
solution  be  added,  as  a  purple  powder.    The  fresh  precipitate  dissolves  in 
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ammonia,  but  the  purple  solution  is  decomposed  hy  exposure  to  light, 
becoming  blue,  and  finally  colourless,  raetaUic  gold  being  precipitated, 
and  binoxide  of  tin  left  in  solution. 

The  sulphides  of  gold  are  not  thoroughly  known.  When  hydrosul- 
phuric  acid  acts  on  solution  of  terchloride  of  gold,  a  black  precipitate  of 
AuS  AuS  is  obtained,  which  dissolves  in  alkaline  sulphides.  The  salt 
,NaS' AuS,  8Aq.  has  been  obtained,  in  colourless  prisms  soluble  in  alcohol. 
The  precipitated  sulphide  of  gold  is  not  dissolved  by  the  acids,  with  the 
exception  of  aqua  regia.  Nitric  acid  oxidises  the  sulj^hur,  leaving  metallic 
gold.  When  hydrosulphuric  acid  is  added  to  a  boiling  solution  of  ter- 
chloride of  gold,  the  metal  itself  is  precipitated — 

4AUCI3  +  3HS  +  12H0    ^    Au,  +  12HC1  +  3(H0 .  SO3). 

309.  Equivalent  and  atomic  loeights  of  gold. — Terchloride  of  gold, 
analysed  in  its  crystalline  compound  with  cliloride  of  potassium,  was 
found  to  contain  35-5  parts  by  weight  (1  eq.)  of  chlorine  in  combination 
with  65-53  parts  of  gold.  The  existence  of  a  chloride  containing  three 
times  as  much  gold  in  combination  with  the  above  weight  of  chlorine  leads 
to  the  beHef  that  the  equivalent  of  gold  should  be  represented  by  65-53  x  3, 
or  196-6.  The  specific  heat  of  gold  shows  that  its  atomic  weight  is  also 
196-6,  so  that  the  atomic  formula  of  its  chief  compounds  are — protoxide, 
Au,0 ;  auric  acid,  AU263 ;  aurous  chloride,  AuCl ;  auric  chloride,  AuClj. 
Gold  is  usually  considered  a  triatomic  element,  occupying  the  place  of 
three  atoms  of  hydrogen. 
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ON  SOME  OF  THE 

USEFUL  APPLICATIONS  OF  CHEMICAL  PEINCIPLES 
NOT  HITHEETO  MENTIONED. 


CHEMICAL  PEINCIPLES  OF  THE  MANUFACTUEE 

OF  GLASS. 

310.  Glass  is  defmed  chemically  to  be  a  mixture  of  two  or  more  silicates, 
one  of  which  is  a  sUicate  of  an  alkali,  the  other  being  a  sUicate  of  lime, 
baryta,  oxide  of  iron,  oxide  of  lead,  or  oxide  of  zinc. 

If  sUicic  acid  be  fused  with  an  equal  weight  of  carbonate  of  potash  or 
soda,  a  transparent  glassy  mass  is  obtained,  but  this  is  slowly  dissolved  by 
water,  and  would  therefore  be  incapable  of  resisting  the  action  of  the 
weather ;  if  a  small  proportion  of  lime  or  baryta,  or  of  the  oxides  of  iron, 
lead,  or  zinc,  be  added,  the  glass  becomes  far  less  easily  affected  by  atmo- 
spheric influences. 

The  most  valuable  property  of  glass,  after  its  transparency  and  per- 
manence, is  that  of  assuming  a  viscid  or  plastic  consistency  when  fused, 
which  allows  it  to  be  so  easily  fashioned  into  the  various  shapes  required 
for  use  or  ornament. 

The  composition  of  glass  is  varied  according  to  the  particular  piu'pose 
for  which  it  is  intended,  the  materials  selected  being  fused  in  large  clay 
crucibles  placed  in  reverberatory  furnaces,  and  heated  by  a  coal-fire  or  in 
a  gas-furnace. 

Ordinary  windoio  glass  is  essentially  composed  of  silicate  of  soda  and 
silicate  of  lime,  containing  one  equivalent  (13"3  per  cent.)  of  soda,  one 
equivalent  (12-9  per  cent.)  of  lime,  and  five  equivalents  (69-1  per  cent.)  of 
silicic  acid  ;  it  also  usually  contains  a  little  alumina.  This  variety  of  glass 
is  manufactured  by  fusing  100  parts  of  sand  with  about  35  parts  of  chalk 
and  35  parts  of  soda-ash  :  a  considerable  quantity  of  broken  window  glass 
is  always  fused  up  at  the  same  time.  Of  course,  the  carbonic  acid  of  the 
chalk  and  of  the  carbonate  of  soda  is  expelled  in  the  gaseous  state,  and  in 
order  that  this  may  not  cause  the  contents  of  the  crucible  to  froth  over 
during  the  fusion,  the  materials  are  first  fritted  together,  as  it  is  termed, 
at  a  temperatMe  insufficient  to  liquefy  them,  when  the  carbonic  acid 
is  evolved  gradually,  and  the  fusion  afterwards  takes  place  without 
effervescence. 

Occasionally  sulphate  of  soda  is  employed  instead  of  the  carbonate, 
when  it  is  usual  to  add  a  small  proportion  of  charcoal,  in  order  to  reduce 
the  sulphuric  to  the  state  of  sulphurous  acid,  which  is  far  more  easily 
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expelled.  Before  the  glass  is  worked  into  sheets,  it  is  allowed  to  remain 
at  rest  for  some  time  in  the  fused  state,  so  that  the  air-bubbles  may 
escape,  and  the  glass-gall  or  scum  (consisting  chiefly  of  sulphate  of  soda 
and  chloride  of  sodium),  which  rises  to  the  surface,  is  removed. 

Plate  glass  is  also  chiefly  a  silicate  of  soda  and  lime,  but  it  contains,  m 
addition,  a  considerable  quantity  of  silicate  of  potash  (74  per  cent,  of 
silicic  acid,  12  of  soda,  5-5  of  potash,  and  5-5  of  lime).  The  purest  white 
sand  is  selected,  and  great  care  is  taken  to  exclude  impurities. 

Croion  glass,  used  for  optical  purposes,  contains  no  soda,  since  that 
alkali  has  the  property  of  imparting  a  greenish  tint  to  glass,  which  is  not 
the  case  with  potash.  This  variety  of  glass,  therefore,  is  prepared  by  fus- 
ing sand  with  carbonate  of  potash  and  chalk  in  such  proportions  that  the 
glass  may  contain  one  eqiiivalent  (22  per  cent.)  of  potash,  one  equiva- 
lent (12-5  per  cent.)  of  lime,  and  four  equivalents  (62  per  cent.)  of 
silicic  acid. 

The  glass  oi  which  ivine  battles  are  made  is  of  a  much  cheaper  and  com- 
moner description,  consisting  chiefly  of  silicate  of  lime,  but  containing,  in 
addition,  small  quantities  of  the  silicates  of  the  alkalies,  of  alumina,  and  of 
oxide  of  iron,  to  the  last  of  which  it  owes  its  dark  colour.  It  is  made  of  the 
coarsest  materials,  such  as  common  red  sand  (containing  iron  and  alumina), 
soap-makers'  waste  (containing  hme  and  small  quantities  of  alkali),  refuse 
lime  from  the  gas-works,  clay,  and  a  very  small  proportion  of  rock-salt. 

Flint  glass,  which  is  used  for  table  glass  and  for  ornamental  purposes, 
is  a  double  siUcate  of  potash  and  oxide  of  lead,  containing  one  equivalent 
(13-67  per  cent.)  of  potash,  one  equivalent  (33-28  per  cent.)  of  oxide  of 
lead,  and  six  equivalents  (51-93  per  cent.)  of  silicic  acid.  It  is  prepared 
by  fusing  300  parts  of  the  purest  white  sand  with  200  parts  of  minium 
(red  oxide  of  lead),  100  parts  of  refined  pearl-ash,  and  30  parts  of  nitre. 
The  fusion  is  effected  in  crucibles  covered  in  at  the  top  to  prevent  the 
access  of  the  flame,  which  would  reduce  a  portion  of  the  lead  to  the  metallic 
state.  The  nitre  is  added  in  order  to  oxidise  any  accidental  impurities 
which  might  reduce  the  lead. 

The  presence  of  the  oxide  of  lead  in  glass  very  much  increases  its 
fusibUity,  and  renders  it  much  softer,  so  that  it  may  be  more  easily  cut 
into  ornamental  forms ;  it  also  greatly  increases  its  lustre  and  beauty. 

Baryta  has  also  the  effect  of  increasing  the  fusibilty  of  glass,  and  oxide 
of  zinc,  like  oxide  of  lead,  increases  its  brilliancy  and  refracting  power,  on 
which  account  it  is  employed  in  some  kinds  of  glass  for  optical  purposes. 
Glass  of  this  description  is  also  made  by  substituting  boracic  acid  for  a 
portion  of  the  silicic  acid. 

Some  varieties  of  glass,  if  heated  nearly  to  their  melting  point,  and 
allowed  to  cool  slowly,  become  converted  into  an  opaque  very  hard  mass 
resembling  porcelain  {Reau7nur's  porcelain).  This  change,  which  is  _kno-\vu 
as  devitrification,  is  due  to  the  crystallisation  of  the  silicates  contained  in 
the  mass,  and  by  again  fusing  it  the  glass  may  be  restored  to  its  original 
transparent  condition. 

In  producing  coloured  glass,  advantage  is  taken  of  its  property  of  dis- 
solving many  metallic  oxides  with  production  of  peculiar  colours.  It  has 
been  mentioned  above  that  bottle  glass  owes  its  green  colour  to  the  pre- 
sence of  oxide  of  iron ;  and  since  this  oxide  is  generally  foimd  in  small 
•luantity  in  sand,  and  even  in  chalk,  it  occasionally  happens  tliat  a  glass 
wliich  is  required  to  be  perfectly  colourless  turns  out  to  have  a  slight  green 
tinge.    In  order  to  remove  this,  a  small  quantity  of  some  oxidising  agent 
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is  usually  added,  in  order  to  convert  the  oxide  of  iron  into  the  sesquioxide, 
which  does  not  impart  any  colour  when  present  in  minute  proportion.  A 
Uttle  nitre  is  sometimes  added  for  this  purpose,  or  some  arsenious  acid, 
■which  yields  its  oxygen  to  the  oxide  of  iron,  and  escapes  in  the  form  of 
vapour  of  arsenic  j  red  oxide  of  lead  (Pb.,0  J  may  also  he  employed,  and  is 
reduced  to  oxide  of  lead  (PbO),  which  remains  in  the  glass.  Bia- 
oxide  of  manganese  is  often  added  as  an  oxidising  agent,  heiug  reduced  to 
the  state  of  oxide  of  manganese  (MnO),  which  does  not  colour  the  glass  ; 
but  care  is  then  taken  not  to  add  too  much  of  the  binoxide,  for  a  very 
minute  quantity  of  this  substance  imparts  a  beautiful  amethyst  purple 
colour  to  glass. 

Suboxide  of  copper  is  used  to  produce  a  red  glass,  and  the  finest  ruby 
glass  is  obtained  (as  abeady  mentioned  at  p.  406)  by  the  addition  of  a 
little  gold.  The  oxides  of  antimony  impart  a  yellow  colour  to  glass ;  a 
peculiar  brown-yellow  shade  is  given  by  charcoal  in  a  fine  state  of  division, 
and  sesquioxide  of  uranium  produces  a  fine  greenish-yellow  glass.  Green 
glass  is  coloured  either  by  oxide  of  copper  or  sesquioxide  of  cliromium, 
whilst  oxide  of  cobalt  gives  a  magnificent  blue  colour.  For  black  glass, 
a  mixture  of  the  oxides  of  cobalt  and  manganese  is  employed.  The  white 
enamel  glass  is  a  flint  glass,  containing  about  10  per  cent,  of  binoxide  of 
tin.    Bone  ash  is  also  used  to  impart  this  appearance  to  glass. 

CHEMISTEY  OF  THE  MANUFACTUEE  OF  POTTEEY 
AND  POECELAIK 

311.  The  manufacture  of  pottery  obviously  belongs  to  an  earlier  period 
of  civilisation  than  that  of  glass,  since  the  raw  material,  clay,  would  at 
once  suggest,  by  its  plastic  properties,  the  possibility  of  working  it  into 
useful  vessels,  and  the  application  of  heat  would  naturally  be  had  recourse 
to  in  order  to  dry  and  harden  it.  Indeed,  at  the  first  glance,  it  would 
appear  that  this  manufacture,  unlike  that  of  glass,  did  not  involve  the 
application  of  chemical  principles,  but  consisted  simply  in  fashioning  the 
clay  by  mere  mechanical  dexterity  into  the  required  form.  It  is  found, 
however,  at  the  outset,  that  the  name  of  clay  is  applied  to  a  large  class  of 
minerals,  differing  very  considerably  in  composition,  and  possessing  in 
common  the  two  characteristic  features  of  plasticity  and  a  predominance 
of  silicate  of  alumina. 

It  has  already  been  stated  (p.  286)  that  haoliri  is  a  hydrated  silicate 
of  alumina,  and  it  is  from  this  material  that  the  best  variety  of  porcelain 
is  made.  This  clay  is  eminently  plastic,  and  can  therefore  be  readily 
moulded,  but  when  baked,  it  shrinks  very  much,  so  that  the  vessels  made 
from  it  lose  their  shape  and  often  crack  in  the  kUn.  In  order  to  prevent 
this,  the  clay  is  mixed  with  a  certain  proportion  of  sand,  chalk,  bone-ash, 
or  heavy-spar ;  but  another  difliculty  is  tlius  introduced,  for  these  sub- 
stances diminish  the  tenacity  of  the  clay,  and  would  thus  render  the 
vessels  brittle.  A  further  addition  must  therefore  be  made,  of  some  sub- 
stance which  fuses  at  the  temperature  employed  in  baking  the  ware,  and 
thus  serves  as  a  cement  to  bind  the  unfused  particles  of  clay,  &c.,  into 
a  compact  mass.  Feldspar  (sUicate  of  alumina  and  potash)  answers  this 
purpose  ;  or  carbonate  of  potash  or  of  soda  is  sometimes  added,  to  convert 
a  portion  of  the  silica  into  a  fusible  alkaline  silicate.  With  a  mixture  of 
clay  with  sand  and  feldspar  (or  some  substitutes),  a  vessel  may  be  moulded 
which  wdl  preserve  its  shape  and  tenacity  Avhen  baked,  but  it  M'ill  be 
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easUy  pervious  to  water,  and  thus  quite  unfit  for  ordinary  use.  It  has,  there- 
fore to  be  water-proofed  by  the  appUcation  of  some  easily  fusible  material, 
which  shaU  either  form  a  glaze  over  the  surface,  or  shall  become  mcor- 
porated  with  the  body  of  the  ware,  and  the  vessel  is  then  fit  for  all  its 
uses  Handles  and  ornaments  in  relief  are  moulded  separately,  and  fixed 
on  the  ware  before  baking,  and  coloured  designs  are  transferred  from 
paper  to  the  porous  ware  before  glazing. 

The  manufacture  of  Shores  porcelain  is  one  of  the  most  perfect  examples 
of  this  art.  The  purest  materials  are  selected  in  the  following  propor- 
tions :— Kaolin  (porcelain  clay),  62  parts  ;  chalk,  4  parts  ;  sand,  17  parts ; 
feldspar,  17  parts.  These  materials  are  ground  up  with  water  before 
being  mixed,  and  the  coarser  particles  allowed  to  subside ;  the  creamy 
fluids  containing  the  finer  particles  in  suspension  are  then  mixed  in 
the  proper  proportions,  and  allowed  to  settle  ;  the  paste  deposited  at  the 
bottom  is  drained,  thoroughly  kneaded,  and  stored  away  for  some  months 
in  a  damp  place,  by  which  its  texture  is  considerably  improved,  and  any 
organic  matter  which  it  contains  becomes  oxidised  and  removed;  the 
oxidation  being  effected  partly  by  the  sulphates  present,  which  become 
reduced  to  sulphides.  It  is  then  moulded  into  the  required  forms,  and 
dried  by  simple  exposure  to  the  air.  The  vessels  are  packed  in  cylindrical 
cases  of  very  refractory  clay,  which  are  arranged  in  a  furnace  or  kihi  of 
peculiar  construction,  and  very  gradually  but  strongly  heated  by  the 
flame  of  a  wood  fire.  When  sufficiently  baked,  the  biscuit  porcelam  has 
to  be  glazed,  and  great  care  is  taken  that  the  glaze  may  possess  the  same 
expansibility  by  heat  as  the-  ware  itself,  for  otherwise  it  would  crack  in  all 
directions  as  the  glazed  ware  cooled.  The  glaze  employed  at  Sevres  is  _  a 
mixture  of  feldspar  and  quartz  very  finely  ground,  and  suspended  in 
■  water,  to  which  a  little  vinegar  is  added  to  prevent  the  glaze  from  subsid- 
ing too  rapidly.  When  the  porous  ware  is  dipped  into  this  mixture,  it 
absorbs  the  water,  and  retains  a  thin  coating  of  the  mixture  of  quartz  and 
feldspar  upon  its  surface.  It  is  now  baked  a  second  time,  when  the  glaze 
fuses,  partly  penetrating  the  ware,  partly  remaining  as  a  varnish  upon 
the  surface. 

When  the  ware  is  required  to  have  some  uniform  colour,  a  mineral 
pigment  capable  of  resisting  very  high  temperatures  is  mixed  with  the 
glaze ;  but  coloured  designs  are  painted  upon  the  ware  after  glazing,  the 
ware  being  then  baked  a  third  ^time,  in  order  to  fix  the  colours.  These 
colours  are  glasses  coloured  with  metallic  oxides,  and  gi-ound  up  mth  oil 
of  turpentine,  so  that  they  may  be  painted  in  the  ordinary  way  upon  the 
surface  of  the  ware  j  when  the  latter  is  again  heated  in  the  kUn,  the 
coloured  glass  fuses,  and  thus  conti-acts  a  firm  adhesion  wath  the  ware. 

Gold  is  applied  either  in  the  form  of  precipitated  metallic  gold,  or  of 
fulminating  gold,  being  ground  up  in  either  case  with  oil  of  turpentme, 
burnt  in,  and  burnished.  j  a-  t- 

English  porcelain  is  made  from  Cornish  clay  mixed  with  ground  flints, 
burnt  bones,  and  sometimes  a  little  carbonate  of  soda,  borax,  andbmoxide 
of  tin,  the  last  improvmg  the  colour  of  the  ware.  It  is  glazed  with  a 
mixture  of  Cornish  stone  (consisting  of  quartz  and  feldspar),  flint,  chalk, 
borax,  and  sometimes  white  lead  to  increase  its  fusibility. 

Stone-ware  is  made  from  less  pui-e  materials,  and  is  covered  with  a  glaze 
of  silicate  of  soda,  in  a  very  simple  manner,  by  a  process  known  as  salt- 
glazing.  The  ware  is  coated  with  a  thin  film  of  sand  by  dipping  it  m  a 
mixture  of  fine  sand  and  water,  and  is  then  intensely  heated  in  a  kUn  into 
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which  a  quantity  of  damp  salt  is  presently  thrown.  The  joint  action  of 
the  aqueous  vapoiu-  and  the  salt  converts  the  sand  into  silicate  of  soda, 
which  fuses  into  a  glass  upon  the  surface  of  the  ware — 

^aCl  +  HO  +  SiO,  =  NaO.SiO,,  +  HCl . 

Pipkins,  and  similar  earthenware  vessels  are  made  of  common  clay 
mixed  with  a  certain  proportion  of  marl  and  of  sand.  They  are  glazed 
with  a  mixture  of  4  or  5  parts  of  clay,  with  6  or  7  parts  of  litharge. 
The  colour  of  this  ware  is  due  to  the  presence  of  peroxide  of  iron. 

Bricks  and  tiles  are  also  made  from  common  clay  mixed,  if  necessary, 
with  sand.  These  are  very  often  grey,  or  blue,  or  yellow,  before  baking, 
and  become  red  under  the  action  of  heat,  since  the  iron,  which  is  origin- 
ally present  as  carbonate  (FeO .  COj),  becomes  converted  into  the  red 
peroxide  (Fe203)  by  the  atmospheric  oxygen. 

The  impure  varieties  of  clay  fuse  much  more  easily  than  pure  clay,  so 
that,  for  the  manufacture  of  the  refractory  bricks  for  lining  furnaces,  of 
glass-pots,  crucibles  for  making  cast  steel,  &c.,  a  pure  clay  is  employed,  to 
which  a  certain  quantity  of  broken  pots  of  the  same  material  is  added,  to 
prevent  the  articles  from  shrinking  whilst  being  dried. 

Dinas  fire-biidcs  are  made  from  a  peculiar  siliceous  material  found  in 
the  Vale  of  Neath,  and  containing  alumina  with  about  98  per  cent,  of 
silica.  The  ground  rock  is  mixed  with  1  per  cent,  of  lime  and  a  little 
water  before  moulding.  These  bricks  are  expanded  by  heat,  whilst  or- 
dinary fire-bricks  contract. 

Blue  bricks  are  glazed  by  sprinkling  with  iron  scurf,  a  mixture  of  par- 
ticles of  stone  and  iron  produced  by  the  wear  of  the  siliceous  grindstones 
employed  in  grinding  gun- barrels,  &c.  When  the  bricks  are  fired,  a  glaze 
of  sHicate  of  iron  is  formed  upon  them. 

CHEMISTEY  OF  BUILDING  MATEEIALS. 

312.  Chemical  principles  would  lead  to  the  selection  of  pure  sUica 
(quartz,  rock-crystal)  as  the  most  durable  of  building  materials,  since  it  is 
not  acted  on  by  any  of  the  substances  lUtely  to  be  present  in  the  atmo- 
sphere ;  but  even  if  it  could  be  obtained  in  sufficiently  large  masses  for 
the  purpose,  its  great  hardness  presents  an  obstacle  to  its  being  hewn  into 
the  required  forms.  Of  the  building  stones  actually  employed  granite, 
basalt,  and  porphyry  are  the  most  lasting,  on  account  of  their  capability 
of  resisting  for  a  great  length  of  time  the  action  of  water  and  of  atmo- 
spheric carbonic  acid ;  but  their  hardness  makes  them  so  difficult  to  work, 
as  to  prevent  their  employment  except  for  the  construction  of  pavements, 
bridges,  &c.,  where  the  work  is  massive  and  straightforward,  and  much 
resistance  to  wear  and  tear  is  required.  The  millstone  grit  is  also  a  very 
durable  stone,  consisting  chiefly  of  silica,  and  employed  for  the  foundations 
of  houses.  Freestone  is  a  term  applied  to  any  stone  wliich  is  soft  enough 
to  be  wrought  with  hammer  and  chisel,  or  cut  with  a  saw;  it  includes  the 
different  varieties  of  sandstone  and  limestone.  The  sandstones  consist  of 
grains  of  sand  cemented  together  by  clay  or  limestone.  The  Yorlcshire  flags 
employed  for  paving  are  siliceous  stones  of  this  description.  The  Craig- 
leith  sandstone,  which  is  one  of  the  freestones  used  in  London,  contains 
about  98  per  cent,  of  silica,  together  with  some  carbonate  of  lime. 

The  building  stones  in  most  general  use  are  the  different  varieties  of 
carbonate  of  lime.  The  durability  of  these  is  in  proportion  to  tlieir  com- 
pact structure ;  thus  marble,  being  the  most  compact,  has  been  found  to 
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resist  for  many  centuries  the  action  of  the  atmosphere,  whilst  the  more 
porous  limestones  are  corroded  at  the  surface  in  a  very  short  time.  Port- 
land stone,  of  which  St  Paul's  and  Somerset  House  are  built,  and  Batli 
stone,  are  among  the  most  durable  of  these;  but  they  are  all  slowly  cor- 
roded by  exposure  to  the  atmosphere.  The  chief  cause  of  this  corrosion 
appears  to  be  the  mechanical  disintegration  caused  by  the  expansion,  in 
freezing,  of  the  water  absorbed  in  the  pores  of  the  stone.  In  order  to 
determtue  the  relative  extent  to  which  different  stones  are  liable  to  be  dis- 
integrated by  frost,  a  test  has  been  devised,  which  consists  in  soaking  the 
stone  repeatedly  in  a  saturated  solution  of  sulphate  of  soda  and  allowing 
it  to  dry,  when  the  crystallisation  of  the  salt  disintegrates  the  stone,  as 
freezing  water  would,  so  that  if  the  particles  detached  from  the  surface  be 
collected  and  weighed,  a  numerical  expression  for  the  resistance  of  the 
material  will  be  obtained.  Magnesian  limestones  (carbonate  of  lime  with 
'  carbonate  of  magnesia)  are  much  valued  for  ornamental  architecture,  on 
account  of  the  ease  with  which  they  may  be  carved,  and  are  said  to  be 
more  durable  in  proportion  as  they  approach  the  composition  expressed  by 
the  formula  CaO .  CO^,  MgO  .  C0,_.*  The  magnesian  limestone  from  Bol- 
sover  Moor,  of  which  the  Houses  of  Parliament  are  built,  contains  50_per 
cent,  of  carbonate  of  lime,  40  of  carbonate  of  magnesia,  with  some  silica 
and  alumina. 

It  is  probable  that  a  slow  corrosion  of  the  surface  of  limestone  is  effected 
by  the  carbonic  acid  continually  deposited  in  aqueous  solution  from  the 
air ;  and  it  is  certain  that  in  the  atmosphere  of  towns  the  Hmestone  is 
attacked  by  the  sulphuric  acid  which  results  from  the  combustion  of  coal 
and  the  operations  of  chemical  works.  The  Houses  of  Parliament  have 
suffered  severely,  probably  from  this  cause.  Many  processes  have  been 
recommended  for  the  preservation  of  building  stones,  such  as  waterproofing 
them  by  the  application  of  oily  and  resinous  substances,  and  coating  or 
impregnating  them  with  solution  of  soluble  glass  and  similar  matters;  but 
none  seems  yet  to  have  been  thoroughly  tested  by  practical  experience. 

Purheck,  Ancaster,  and  Caen  stones  are  weU-known  limestones  employed 
for  building. 

313.  The  mortar  employed  for  building  is  composed  of  1  part  of 
freshly  slaked  lime  and  2  or  3  parts  of  sand  intimately  mixed  with  enough 
water  to  form  an  uniform  paste.  The  hardening  of  such  a  composition 
appears  to  be  due,  in  the  first  instance,  to  the  absorption  of  carbonic  acid 
from  the  air,  by  which  a  portion  of  the  lime  is  converted  into  carbonate, 
and  this,  uniting  with  the  unaltered  hydrate  of  Ume,  forms  a  sohd  layer 
adhering  closely  to  the  two  surfaces  of  brick  or  stone,  which  it  cements 
together.  In  the  course  of  time,  the  lime  would  act  upon  the  silica,  pro- 
ducing silicate  of  lime,  and  this  chemical  action  Avould  render  the  adhesion 
more  perfect.  The  chief  use  of  the  sand  here,  as  in  tlie  manufacture  of 
pottery  (p.  411),  is  to  prevent  excessive  shi-inking  diu-ing  the  drying  of 
the  mortar.  „ 

In  constructions  which  are  exposed  to  the  action  of  water,  mortars  ot 
peculiar  composition  are  employed.  These  hydraulic  mortars  or  cements, 
as  they  are  termed,  are  prepared  by  calcining  mixtures  of  carbonate  oi 
lime  with  from  10  to  30  per  cent,  of  clay,  when  the  carbonic  acid  is 
expeUed,  and  the  lime  combines  with  a  portion  of  the  silicic  acid  from  the 


•  Any  excess  of  cavLonate  of  lime  above  that  required  by  this  formula  may  be 
out  by  treating  the  powdered  magnesian  limestone  with  weak  acetic  acid. 
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clay,  producing  a  silicate  of  lime,  and  probably  also,  with  the  alumina,  to 
form  aluminate  of  lime.  When  the  calcined  mass  is  ground  to  powder 
and  mixed  with  water,  the  silicates  of  alumina  and  lime,  and  the  aluminate 
of  lime,  unite  to  form  hydrated  double  silicates  and  aluminates,  upon  which 
water  has  no  action.  Eoman  cement  is  prepared  by  calcining  a  limestone 
containing  about  20  per  cent,  of  clay,  and  hardens  in  a  very  short  time 
after  mixing  with  water. 

For  Portland  cement  (so  called  from  its  resembling  Portland  stone) 
a  mixture  of  river-mud  (chiefly  clay)  and  limestone  is  calcined  at  a  very 
high  temperature. 

Concrete  is  a  mixture  of  hydraulic  cement  with  smaU  gravel.  A  speci- 
men of  this  material  from  a  very  ancient  Phoenician  temple  was  as  hard 
as  a  rock,  and  contained  nearly  30  per  cent,  of  pebbles. 

Scott's  cement  is  prepared  by  passing  air  containing  a  small  quantity  of 
sulphurous  acid,  evolved  from  burning  sulphur,  over  quick-lime  heated  to 
dull  redness.  The  setting  of  this  cement  appears  due  to  the  presence  of 
a  smaR  proportion  of  sulphate  of  lime  very  intimately  mixed  with  the 
quick-lime. 

GUNPOWDER 

314.  Gunpowder  is  a  very  intimate  mixture  of  saltpetre  (nitre  or 
nitrate  of  potash),  sulphur,  and  charcoal,  which  do  not  act  upon  each 
other  at  the  ordinary  temperature,  but  when  heated  together  arrange 
themselves  into  new  forms,  evolving  a  very  large  amount  of  gas. 

In  order  to  manufacture  gunpowder  capable  of  -  producing  the  greatest 
possible  effect,  great  attention  is  requisite  to  the  purity  of  the  ingredients, 
the  process  of  mixing,  and  the  form  ultimately  given  to  the  finished 
powder. 

Chemistry  of  the'  Ingredients  op  Gunpowder — Saltpetre. — Nitrate 
of  potash  (KO .  NOj),  nitre  or  saltpetre,  is  found  ia  some  parts  of  India, 
especially  ia  Bengal  and  Oude,  where  it  sometimes  appears  as  a  white  iu- 
crustation  on  the  surface  of  the  soil,  and  is  sometimes  mixed  with  it  to 
some  depth.  The  nitre  is  extracted  from  the  earth  by  treating  it  with 
water,  and  the  solution  is  evaporated,  at  iirst  by  the  heat  of  the  sun,  and 
afterwards  by  artificial  heat,  when  the  impure  crystals  are  obtained,  which 
are  packed  ia  bags  and  sent  to  this  country  as  grough  (or  impure)  salt- 
petre. It  contains  a  quantity  of  extraneous  matter  varying  from  1  to  10 
per  cent.,  and  consisting  of  the  chlorides  of  potassium  and  sodium,  sul- 
phates of  potash,  soda,  and  lime,  vegetable  matter  from  the  soil,  sand,  and 
moisture.  The  number  representing  the  weight  of  impurity  present  is 
usually  termed  the  refraction  of  the  nitre,  in  allusion  to  the  old  method 
of  estimating  it  by  casting  the  melted  nitre  into  a  cake  and  examining  its 
fracture,  the  appearance  of  which  varies  according  to  the  amount  of 
foreign  matter  present. 

Peruvian  or  GMli  saltpetre  is  the  nitrate  of  soda  (NaO  .  NO^)  found  in 
Peru  and  Chdi  in  beds  beneath  the  surface  soil.  It  is  often  spoken  of  as 
cubical  saltpetre,  since  it  crystallises  ia  rhombohedra,  easQy  mistaken  for 
cubes,  whilst  2)rismatic  saltpetre,  nitrate  of  potash,  crystallises  in  six-sided 
prisms.  Nitrate  of  soda  cannot  be  substituted  for  nitrate  of  potash  as  an 
ingredient  of  gunpowder,  since  it  attracts  moisture  iTom  the  air,  becoming 
damp,  and  appears  to  be  less  powerful  in  its  oxidising  action  'upon  com- 
bustible bodies  at  a  high  temperature.    The  Peruvian  saltpetre,  however 
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forms  a  very  important  source  from  which  to  prepare  the  nitrate  of  potash 
for  o-unpowder,  since  it  is  easily  converted  into  this  salt  hy  double  decom- 
position with  chloride  of  potassium.  The  latter  salt  is  now  imported  m  so 
large  a  quantity  from  the  salt  mines  of  Stassfurth  (p.  261),  that  it  enables 
nitrate  of  soda  to  be  very  cheaply  converted  into  nitrate  of  potash,  and 
renders  Indian  saltpetre  of  less  importance  to  the  manufactui-er  of  gun- 

^^Li  order  to  understand  the  production  of  saltpetre  by  the  decomposition 
of  nitrate  of  soda  with  chloride  of  potassium,  it  is  necessary  to  be  ac- 
quainted with  the  solubility  of  those  salts  and  of  the  salts  produced  by 
their  mutual  decomposition. 


100  parts  of  boiling  water  dissolve 
218  parts  of  nitrate  of  soda, 

53  ,,  chloride  of  potassium, 
200      „     nitrate  of  potash, 

37      ,.     chloride  of  sodium. 


100  parts  of  cold  water  dissolve 
50  parts  of  nitrate  of  soda, 
33      „     chloride  of  potassium, 
30      ,,     nitrate  of  potash, 
36      „     chloride  of  sodium. 


'  It  is  a  general  rule  that  when  two  salts  in  solution  are  mixed,  which 
are  capable  of  forming,  by  exchange  of  their  metals,  a  salt  which  is  less 
soluble  in  the  Hquid,  that  salt  will  be  produced  and  separated.  _ 

Thus  when  nitrate  of  soda  and  chloride  of  potassium  are  mixed,  and 
the  solution  boiled  down,  chloride  of  sodium  is  deposited,  and  nitrate  of 
potash  remains  in  the  boiling  liquid — 

NaO .  NO,    +    KCl    =    KO .  NO^    +    NaCl  . 


When  this  is  aUowed  to  cool,  the  greater  part  of  the  nitrate  of  potash 
crystaUises  out,  leaving  the  remainder  of  the  chloride  of  sodium  m  solu- 

^^°The  method  usually  adopted  is  to  add  the  chloride  of  potassium  by 
degrees  to  the  boHing  solution  of  nitrate  of  soda,  to  remove  the  chloride 
of  sodium  with  a  perforated  ladle  in  proportion  as  it  is  deposited,  and, 
after  aUowing  the  Hquid  to  rest  for  some  time  to  deposit  suspended 
impurities,  to  run  it  out  into  the  crystallising  pans. 

The  potash-salt  required  for  the  conversion  of  nitrate  of  soda  into  nitrate 
of  potash  is  sometimes  obtained  from  the  refuse  of  the  beet  root  employed 
in  the  manufacture  of  sugar. 

Nitrate  of  potash  is  sometimes  prepared  from  the  nitrates  obtamed  in 
the  nitre-heaps,  wHch  consist  of  accumulations  of  vegetable  and  animal 
refase  with  Umestone,  old  mortar,  ashes,  &c.  These  heaps  are  constructed 
upon  an  impermeable  clay  floor  under  a  shed  to  protect  them  from  ram. 
One  side  of  the  heap  is  usually  vertical  and  exposed  to  the  prevailing 
wind,  the  other  side  being  cut  into  steps  or  terraces.  They  are  occasionally 
moistened  ^dth  stable  drainings,  which  are  aUowed  to  run  mto  grooves 
cut  in  the  steps  at  the  back  of  the  heap.  In  such  a  mass,  at  an  atmo- 
spheric temperature  between  60°  and  70°  P.,  nitrates  of  the  various  bases 
present  in  the  heap  are  slowly  formed,  and  being  dissolved  by  the 
moisture,  are  left  by  it,  as  it  evaporates  on  the  vertical  side,  m  the  torm 
of  an  efflorescence.  When  this  has  accumulated  m  sufficient  quantity,  it 
is  scraped  off,  together  with  a  few  inches  of  the  nitriiied  earth,  and 
extracted  with  water,  which  dissolves  the  nitrates,  whilst  the  undissolvea 
earth  is  built  up  again  on  the  terraced  back  of  the  heap.  AftCT  two  or 
three  years  the  heap  is  entirely  broken  up  and  reconstructed.  I  he  prin- 
cipal nitrates  which  are  found  dissolved  in  the  water  are  those  ol  potasn, 
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lime,  magnesia,  and  ammonia,  the  three  last  of  which  may  be  converted 
into  nitrate  of  potash  by  decomposing  them  with  carbonate  of  potash. 

The  formation  of  nitric  acid  in  these  heaps  probably  results  from  che- 
mical changes  similar  to  those  which  occm-  in  the  soils  in  which  nitre 
is  naturally  formed,  but,  at  present,  these  changes  are  not  thoroughly 
explained.  Some  chemists  are  of  opinion  that  the  nitric  acid  is  foj-med 
by  the  imion  of  atmospheric  nitrogen  and  oxygen,  encouraged  by  the 
presence  of  porous  solids,  and  of  matters  undergoing  oxidation.  The 
explanation  which  is  best  supported  by  experimental  evidence  is  that 
which  refers  the  formation  of  nitric  acid  to  the  oxidation  of  ammonia 
(p.  122),  evolved  by  the  putrefaction  of  the  nitrogenised  matters  which 
the  heaps  contain,  tliis  oxidation  also  being  much  promoted  by  the 
presence  of  the  strongly  alkaline  lime,  and  of  the  porous  materials  capable 
of  absorbing  ammonia  and  presenting  it  under  circumstances  favourable 
to  oxidation. 

In  refining  saltpetre  for  the  manufacture  of  gunpowder,  the  impm-e  salt 
is  dissolved  in  about  an  equal  weight  of  boiling  water  in  a  copper  boiler, 
the  solution  nm  through  cloth  filters  to  remove  insoluble  matter,  and 
allowed  to  crystallise  in  a  shallow  wooden  trough  lined  with  copper,  the 
bottom  of  Avhich  is  formed  of  two  inclined  planes  (fig.  261).  Whilst 
cooling,  the  solution  is  kept  in  contiaual  agitation  with  wooden  stirrers, 
in  order  that  the  saltpetre  may  be  deposited  in  the 
minute  crystals  known  as  saltpetre  flour,  and  not  in 
the  large  prisms  which  are  formed  when  the  solution 
is  allowed  to  crystallise  tranquilly,  and  which  con- 
tain within  them  cavities  enclosing  some  of  the 
impure  liquor  from  which  the  saltpetre  has  been 
crystallised.      The  saltpetre,  being  so  much  less 
soluble  in  cold  than  in  hot  water,  is,  in  great  part, 
deposited  as  the  liquid  cools,  whilst  the  chlorides 
and  other  impurities  being  present  in  small  propor- 
tion, and  not  presenting  the  same  disparity  in  their 
solubility  at  different  temperatures,  are  retained  in 
the  liquid.     The  saltpetre  flour  is  drained  in  a 
wooden  trough  with  a  perforated  bottom,  and  trans- 
ferred to  a  washing-cistern,  where  it  is  allowed  to 
remain  for  half  an  hour  in  contact  with  two  or  three  successive  small 
quantities  of  water  to  wash  away  the  adhering  impure  liqiior ;  it  is  then 
allowed  to  drain  thoroughly,  and  in  that  state,  containing  from  three  to 
six  per  cent,  of  water,  according  to  the  season,  is  ready  to  be  transferred 
to  the  incorporating  mill  or  to  a  hot-air  oven,  where  it  is  dried  if  not 
required  for  immediate  use. 

The  mother-liquor,  from  which  the  saltpetre  flour  has  been  deposited, 
is  boiled  down  and  crystallised,  the  crystals  being  worked  up  with  the 
next  batch  of  grough  nitre.  The  final  washings  of  the  flour  are  returned 
to  the  boiler  in  which  the  grough  nitre  is  originally  dissolved.  When 
the  saltpetre  contains  very  much  colouring  matter,  a  little  glue  or  animal 

'  charcoal  is  employed  by  the  refiner  to  assist  in  its  removal. 

The  old  method  of  refining  saltpetre  consisted  in  crystallising  it  three 

'  times  in  large  crystals,  which  were  afterwards  melted  into  cakes  or  cheeses. 
It  not  unfrec[uently  happened  that  the  fusion  was  efi"ected  at  too  high  a 

■  temperature,  when  a  portion  of  the  nitrate  of  potash  became  converted 

1  into  nitrite  of  potash  (KO  .  NO3).    The  test  fov  over  fused  nitre  was  solu- 

2  D 
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tion  of  sulphate  of  copper,  ^vllicll  gave  a  green  colour,  due  to  the  production 

'^ThetlrTtS^^^^  objectionable  in  the  saltpetre  employed  for  gun- 
pow^ex  Xld  be  L  chlorides  of  potassium  and  sodiu^n,  which  cause  it 
ribsorb  moisture  easily  from  the  air ;  the  chief  test,  therefore  to  which 
tL  Ser  sub  ects  it,  is  the  addition,  to  its  solution  in  distilled  water  of 

to  le  twa?  on  of  a  precipitate  of  chloride  of  silver,  if  the  clilondes  have 
not  bee?ent  rely  removed/  Moreover,  the  sample  sWd  dissolve  entirely 
m  water  to  a  perfectly  clear  colom-less  solution,  winch  should  have  no 
effect  on  blue  or  red  litmus  paper,  and  should  give  no  cloudiness  with 
chloride  of  barium  (indicating  the  presence  of  sulphates),  or  with  oxalate 
of  Ammonia  (indicating  lime),  when  these  are  added  to  separate  portions 
of  r  Very  minute  quantities  of  sulphates  and  of  lime,  such  as  may  have 
been  derived  from  the  use  of  river  water  in  washing  the  flour,  are  gene- 
rally disregarded. 

315  Properties  of  saltpetre.-E iimte  of  potash  is  usuaUy  distinguish- 
able by  the  long  striated  or  grooved  six-sided  prismatic  form  m  which  it 
crvstaUises  (though  it  may  also  be  obtained  in  rhombohedral  crystals  ike 
Ze  of  5t  ate  ol  soda),  ami  by  the  cZ./«,r«..o.  which  it  produces  when 
tCwn  on  red-hot  coals.    It  fuses  at  about  660°  E.  to  a  colourless  hcimd 
which  solidifies  on  cooling  to  a  translucent  brittle  crystalline  mass,  ihe 
salvrunelle  of  the  shops  consists  of  nitre  which  has  been  fused  and  cast 
Sto  baUs     At  a  red  heat  it  effervesces  from  the  escape  of  bubbles  of 
™  and  is  converted  into  nitrite  of  potash  (KO .  NO,),  which  is 
itseK  decomposed  by  a  higher  temperatm-e,  eyolvmg  nitrogen  and  oxygen 
and  leaving  a  mixture  of  potash  and  peroxide  of  potassmm.    In  contact 
.vith  any  combustible  body,  it  midergoes  decomposition  with  great  rapidity 
the  five  equivalents  of  oxygen  in  the  nitric  acid  (NO  )  being  available  for 
the  oxidation  of  the  combustible  substance,  and  the  nitrogen  being  evolved 
in  the  free  state;  thus,  in  contact  with  carbon,  the  decomposition  ot  the 
nitre  may  be  represented  by  the  equation— 

2(K0.N0J  +  C,  =  2(K0.C0,)  +  300,  +  . 
Since  the  combustion  of  a  large  quantity  of  material  may  be  thus  effected 
in  a  very  small  space  and  in  a  short  time,  the  tempera  ure  P^diiced  ^ 
much  higher  than  that  obtained  by  burnmg  the  f  ^^^^'^^^t 
n^y  wa^.  The  specific  gravity  of  saltpetre  is  2-07,  so  that  one  cubic 
S  weiVhs  523  grains  (obtained  by  multiplymg  the  weight  of  a  ciibic 
inchrwater,  252  5  grains  by  2-07).  Since  101  grams  1  eq.)  of  nitre 
contain  IS  grkns  (5  eqs.)  of  oxygen  available  for  the  oxidation  of  com_ 
bustible  bodies,  523  gins,  or  one  cubic  inch,  of  nitre,  would  contani  20 
cn-ains  or  605  cubic  inches  of  available  oxygen,  a  volume  winch  wo  dd  bo 
fontained  in  about  3000  cubic  inches  of  air ;  hence  one  -o^^^  -^^^^^^^^^^ 
renresents  in  its  power  of  supportmg  combustion,  3000  volume,  ot 
Xospheric  air     It  also  enables  some  combustible  substances  to  bum 

as  is  exemplified  by  its  use  in  - 
porf-fire,  w^ch  consists  of  paper  soaked  m  a  weak  solution  of  saltpeti-e 
and  dried. 

-If  a  contiimous  design  be  traced  on  foolscap  paper  Nvitli  a  brush  dipped  in  a  solu- , 
tiou  of  30  grains  of  saltpetre  in  100  grams  o  water  and  ?  °7 J^iV^n  U  will  S 
found  that  when  one  part  of  the  pattern  is  touched  witli  a  ."^f -J^Vaffected 
gradually  burn  its  way  out,  tho  other  portion  .of  tlie  paper  remaming  unaltectca. 
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A  mixture  of  90  grains  of  saltpetre,  30  of  sulphur,  and  30  of  moderately  fine  saw- 
dust {Bmimfs  flux),  will  deflagrate  with  sniDcient  intensity  to  fuse  a  small  silver 
coin  into  a  globule ;  the  mixture  may  be  pressed  down  in  a  walnut  shell  or  a  small 
porcelain  crucible,  and  the  coin  buried  in  it,  the  flame  of  a  lamp  being  applied  out- 
side until  deflagration  commences. 

Piilvis  fulminans  is  a  mixture  of  3  parts  of  saltpetre,  1  part  of  sulphur,  and  2  of 
carbonate  of  potash,  all  carefully  dried  ;  when  it  is  heated  on  an  iron  plate,  no  action 
takes  place  till  it  begins  to  melt,  when  it  explodes  very  violently. 

316.  Charcoal  for  gunpowder. — Charcoal  has  been  already  described 
as  the  residue  of  the  destructive  distillation  of  wood,  in  which  process  the 
hydi-ogen  and  oxygen  of  the  wood  are  for  the  most  part  expelled  in  the 
forms  of  wood  naphtha  (C^H.O,),  pyroligneous  acid  (C.H^OJ,  carbonic 
acid,  carbonic  oxide,  water,  &c.,  leaving  a  residue  containing  a  much 
larger  proportion  of  carbon  than  the  original  wood,  and  therefore  capable 
of  producing  a  much  higher  temperature  (p.  61)  by  its  combustion  with 
the  saltpetre.  The  higher  the  temperature  to  which  the  charcoal  is 
exposed  in  its  preparation,  the  larger  the  proportion  of  hydrogen  and 
oxygen  expelled,  and  the  more  nearly  does  the  charcoal  approach  in  com- 
position to  pm-e  carbon ;  but  it  is  not  foimd  advantageous  in  practice  to 
employ  so  high  a  temperature,  since  it  yields  a  dense  charcoal  of  difficult 
combustibility,  and  therefore  less  fitted  for  the  manufacture  of  powder. 

The  following  table  exhibits  the  composition  of  di-ied  alder-wood  and 
of  the  charcoal  obtained  at  different  temperatures.  The  incombustible 
matter  or  ash  of  the  wood  and  charcoal  is  here  omitted. 


In  100  parts. 

Temperature 
of  charrinff. 

Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Alder-wood,  ,  . 

48-63 

5-94 

44'75 

0-68 

Charcoal,  ,    .  . 

518°  F. 

71-0 

4-6 

24-4 

7) 

662° 

77-2 

41 

18-7 

J> 

800° 

82-6 

19 

15-5 

»» 

2000° 

83-3 

2-3 

14-4 

»» 

2300° 

89-2 

1-4 

9-4 

)» 

2700° 

95-4 

0-7 

3-9 

77 

Above  3000° 

98-8 

0-6 

0-6 

This  table  shows  that  at  temperatures  between  800°  and  2000°  F.,  there 
is  very  little  alteration  in  the  composition  of  the  charcoal,  and  it  is  within 
these  limits  that  the  charcoal  employed  for  the  manirfacture  of  gunpowder 
1  in  this  country  is  prepared.  Between  these  limits,  however,  the  density 
and  consequent  inflammability  of  the  charcoal  vary  considerably,  that 
prepared  at  the  lower  temperatures  igniting  most  readily.  Hence  it  is 
desirable  that  the  temperature  of  carbonisation  should  not  exceed  an 
ordinary  low  red  heat  (about  1000°  F.) 

The  charcoal  prepared  between  500°  and  600°  F.  has  a  brown  colour 
{cliarhon  roux),  and  although  it  is  more  easily  inflamed  than  the  black 
charcoal  obtained  at  higher  temperatures,  the  presence  of  so  large  a  pro- 
portion of  oxygen  so  much  diminishes  its  calorific  value,  that  its  employ- 
ment in  gunpowder  is  not  advantageous.  It  is  used  on  the  Continent  in 
the  manufacture  of  sporting-powder,  and  is  prepared  by  exposinrr  the 
'  wood,  in  an  iron  cylinder,  to  the  action  of  high-pressure  steam  heated  to 
1  about  .540°  F.    The  cliarhnn  roiix  is  very  hygroscopio. 

Light  woods,  such  as  alder,  willow,  and  dogwood  (cornel  tree),  are 

2  D  2  ' 
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selected  for  the  preparation  of  charcoal  for  gunpowder,  because  they  yield 
a  lighter  and  more  easily  combustible  charcoal,  dogwood  being  employed 
for  the  best  quality  of  powder.  This  wood  is  chiefly  imported,  smce  it 
has  not  been  successfuUy  grown  in  this  country.  The  wood  is  stripped  of 
its  bark  and  either  exposed  for  a  length  of  time  to  the  air  or  dried  m  a  hot 
chamber  Considerable  loss  of  charcoal  takes  place  if  damp  wood  be  charred, 
a  portion  of  the  carbon  being  oxidised  by  the  steam  at  a  high  temperature. 
In  order  to  convert  the  wood  into  charcoal,  1 J  cwt.  of  wood  is  packed 


into  a  sheet  ii-on  cylinder  or  slip  (fig. 


Fig.  262. — Charcoal  retort. 


262),  one  end  of  which  is  closed 
by  a  tightly  fitting  cover,  and  the 
other  by  a  perforated  plate,  to 
allow  of  the  escape  of  the  gases  and 
vapours  expelled  during  the  car- 
bonisation. This  cylinder  is  then 
introduced  into  a  cylindrical  ii-on 
retort  built  into  a  brick  furnace, 
and  provided  with  a  pipe  (L)  forthe 
escape  of  the  products,  which  are 
usually  carried  back  into  the  fur- 
nace (B)  to  be  consumed.  The  pro- 
cess of  charriag  occupies  from  3^ 
to  4  hours,  and  as  soon  as  it  is 
completed,  the  slip  is  transferred 
to  an  iron  box  or  extinguisher, 
where  the  charcoal  is  allowed  to 
cool.    About  40  lbs.  of  charcoal 


are  obtained  from  the  above  quantity  of  wood.  Charcoal  prepared  by  this 
process  is  spoken  of  as  cylinder  charcoal,  to  distinguish  it  from  pit  char- 
coal, prepared  by  the  ordinary  process  of  charcoal-burning  described  at 
(p  57),  and  which  is  employed  for  fuze  compositions,  &c.,  but  not  for 
the  best  gunpowder.  The  fitness  of  the  charcoal  for  the  manufactiu-e  of 
powder  is  generally  judged  of  by  its  physical  characters.  It  is  of  course 
desirable  that  the  charcoal  should  be  as  free  from  incombustible  matter  as 
possible.  The  proportion  of  the  ash  left  by  different  charcoals  varies  con- 
siderably, but  it  seldom  exceeds  two  per  cent.  This  ash  consists  chiefly 
of  the  carbonates  of  potash  and  Hme ;  it  also  contams  phosphate  of  hme, 
carbonate  of  magnesia,  silicate  and  sulphate  of  potash,  chloride  of  sodium, 
and  the  oxides  of  iron  and  manganese.  . 

The  properties  of  charcoal  have  been  already  described ;  its  great  ten- 
dency to  absorb  moisture  from  the  air  is  of  some  importance  m  the  manu- 
facture of  gunpowder,  from  its  causing  a  false  estimate  to  be  made  of  the 
proportion  employed,  unless  the  actual  amount  of  water  present  m  the 

charcoal  is  known.  i  •  i  -u 

Tar  charcoal  is  the  name  given  to  sticks  of  charcoal  which  have  acci- 
dentaUy  become  coated  with  a  shining  film  of  carbon  left  behind  by  tar 
which  has  condensed  upon  it  in  the  retorts ;  it  is  sometunes  rejected  by 
the  powder  manufacturer. 

317.  Sulphur  for  gunpowder.— Z>?si;v7ZecZ  sulphur  (p.  185)  is  tlw 
variety  always  employed  for  the  manufacture  of  gunpowder, 
limed  sulphur  bemg  employed  for  fuze  compositions,  &c.    The  allegea 
reason  for  the  preference  is  that  the  sublimed  sulphur,  liavmg  been 
deposited  in  a  chamber  containing  much  sulphurous  and  sulphuric  acid 


MANUFACTURE  OF  GUNPOWDER. 


421 


vapours,  its  pores  have  become  charged  witli  acid  wliicli  would  "be  injurious 
in  the  powder;  but  it  has  been  pointed  out  (p.  187)  that  distilled  sul- 
phur consists  entirely  of  the  soluble  or  electro-negative  variety  of  sidphur, 
whilst  subluned  sulphm-  contains  a  large  proportion  of  the  insoluble  or 
positive  sulphm-,  Avhich  would  probably  influence  its  action  in  gunpowder. 
The  sulphur  should  leave  scarcely  a  trace  of  incombustible  matter  when 
burnt,  and  after  stiixing  the  powdered  sulphur  for  some  time  with  warm 
distilled  water,  the  latter  should  only  very  feebly  redden  blue  litmus. 
As  an  ingredient  of  gunpowder,  sulphur  is  valuable  on  account  of  the  low 
temperatiu-e  (560°  F.)  at  which  it  inflames,  thus  facUitating  the  ignition 
of  the  powder.  Its  oxidation  by  saltpetre  appears  also  to  be  attended  with 
the  production  of  a  higher  temperature  than  is  obtained  with  charcoal, 
which  woidd  have  the  effect  of  accelerating  the  combustion  and  of  increas- 
ing, by  expansion,  the  volume  of  gas  evolved. 

The  difference  in  the  inflammability  of  sulphur  and  charcoal  is  strikingly  shown 
by  heating  a  square  of  coarse  wire  gauze  over  a  flame  till  it  is  red  hot  in  the  centre 
placing  It  over  a  jar  of  oxygen,  allowing  it  to  cool  till  it  no  longer  kindles  charcoal- 
powder  sprinkled  through  it  from  a  pepper-box,  and  whilst  the  cloud  of  charcoal  is 
still  floating  in  the  gas,  throwing  in  sulphur  from  a  second  box ;  the  hot  gauze  will 
inflame  the  sulphur,  and  this  wiU  kindle  the  charcoal. 

An  iron  rod  allowed  to  cool  below  redness  may  be  used  to  stir  a  mixture  of  char- 
coal with  (3  parts  of)  nitre ;  but  if  it  be  dipped  into  powdered  sulphur,  at  once 
inflames  it,  and  the  flame  of  the  sulphur  will  kindle  the  mixture.  The  effect  of  the 
same  rod  upon  mixtures  of  nitre  with  charcoal  alone,  and  with  charcoal  and  sulphur, 
13  instructive. 

The  acceleration  of  the  combustion  of  gunpowder  by  the  sulphur  is  well  shown  by 
laying  a  train,  of  which  one-half  consists  of  a  mixture  of  75  nitre  and  25  charcoal, 
and  the  other  of  75  nitre,  15  cliarcoal,  and  10  sulphur,  a  red-hot  iron  being  applied 
at  the  junction  of  the  two  trains  to  start  them  together. 

318.  Manufacture  op  gunpowder. — The  proportions  of  the  ingredients 
of  gunpowder  have  been  varied  somewhat  in  different  countries,  the  salt- 
petre ranging  from  74  to  77  per  cent.,  the  charcoal  from  12  to  16,  and 
the  sulphur  from  9  to  12-5  per  cent.  English  Government  powder  con- 
tains— 

75  per  cent,  of  nitre. 
15       „  charcoal. 
10       „  sulphur. 

The  powdered  ingredients  are  first  roughly  mixed  in  a  revolving  copper* 
drum,  with  mixing  arms  turning  in 
an  opposite  direction,  and  the  mixture 
is  subjected,  in  quantities  of  about  50 
lbs.  at  a  time,  to  the  action  of  the 
incorporating  mill  (fig.  263),  where 
it  is  sprinkled  with  water,  poured 
through  the  funnel  (F),  or  from  a 
can  with  a  fine  rose,  and  exposed  to 
trituration  and  pressure  under  two 
cast-iron  edge-runners  (B),  rolling 
round  in  different  paths  upon  a  cast- 
iron  bed,  a  very  intimate  mixture 
being  thus  elfected  by  the  same  kind 
of  movement  as  in  a  common  pestle 

and  mortar,  the  distribution  of  the  Fig.  263. -Incorporating  mill, 

nitre  through  the  mass  being  also 

assisted  by  its  solubility  in  water.    A  wooden  scraper  (C)  tipped  with 
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copper,  prevents  the  roller  from  getting  clogged,  and  a  jjluugJi  (D)  keeps  the 
mixtm-e  in  the  path.  Of  course,  the  water  employed  to  moisten  the  powder 
must  be  as  free  from  dehquescent  salts  (especiaUy  chlorides,  see  p.  418)  as 
possible ;  the  quantity  required  varies  with  the  state  of  the  atmosphere. 
The  duration  of  the  incorporating  process  is  varied  accordmg  to  the  kind 
of  powder  requhed,  the  slow-burning  powder  employed  for  cannon  being 
sufficiently  incorporated  in  about  3^  hours,  whHst  rifle-powder  requires  5 

^^The  dark-grey  slaty  mass  of  mill-cake,  which  is  thus  produced,  is  broken 
up  by  passuTg  between  grooved  rollers  of  gun  metal,  and  is  then  placed, 
in  layers  of  about  an  inch  thick,  between  copper  plates  packed  in  a  stout 
box,  in  which  it  is  subjected  for  a  quarter  of  an  hour  to  a  pressure  of 
about  70  tons  on  the  square  foot,  in  a  hydraulic  press,  which  has  the  eff'ect 
of  condensing  a  larger  quantity  of  explosive  material  into  a  given  volume, 
and  of  duninishing  the  tendency  of  the  powder  to  absorb  moisture  from 
the  air  and  to  disintegrate  or  dust  after  granulation.  The  jjress-ca/te  thus 
obtained  is  very  hard  and  compact,  resembling  slate  in  appearance.  As  far 
as  its  chemical  nature  is  concerned,  it  is  finished  gunpowder,  but  if  it  be 
reduced  to  powder  and  a  gun  loaded  with  it,  the  combustion  of  the  charge 
is  found  to  take  place  too  slowly  to  produce  its  fuU  effect,  since  the  pulve- 
rulent form  offers  so  great  an  obstacle  to  the  passage  of  the  flame  by  which 
the  combustion  is  communicated  from  one  end  of  the  charge  to  the  other. 
The  press-cake  must,  therefore,  be  granulated  (corned)  or  broken  up  into 
grains  of  suf&cient  si^e  to  allow  the  rapid  passage  of  the  flame  between  them, 
and  the  consequent  immediate  firing  of  the  whole  charge.  The  granulation 
is  effected  by  crushing  the  press  cake  between  successive  pahs  of  toothed  gun 
metal  rollers,  from  which  it  falls  on  to  sieves,  which  separate  it  into  grains 
of  different  sizes,  the  dust,  or  meal  jpoioder,  passing  through  the  last  sieve. 
The  granulated  powders  are  freed  from  dust  by  passuig  them  through 
revolving  cylinders  of  wooden  frame-work  covered  with  canvas,  and  the 
fine  grain  powder  is  glazed  by  the  friction  of  its  own  grains  against  each 
other  in  revolving  barrels.    The  large  grain  powders  are  sometimes  glazed 

faced  mth  graphite,  by  introducing  a  little  of  that  substance  into  the 
crlazing-barrels  with  the  powder.  The  powder  is  dried  in  a  hot-ah  cham- 
ber very  gradually,  so  as  not  to  injure  the  grain,  and  is  once  more  dusted 
'in  canvas  cylinders  before  being  packed.  ■  j-tr 

Various  modifications  are  introduced  into  the  above  processes  in  different 
places,  but  the  principles  upon  which  the  manufactui-e  is  conducted  are 
always  the  same. 

319.  PROPERTiEa  OF  GUNPOWDER.— Good  gunpowder  is  composed  of 
hard  angular  grains,  which  do  not  soil  the  fingers,  and  have  a  perfectly 
uniform  dark-grey  colour-.  Its  specific  gravity  (absolute  density)  appears  to 
vary  between  1-84  and  1-97,  and  its  apjoarent  density  (obtamed  by  weigh- 
ing a  given  measure  of  the  grain  against  an  equal  measm-e  of  water)  varies 
fi-omO-89  to  0-94,  so  that  a  cubic  foot  will  weigh  from  55  to  58  lbs. 
When  exposed  to  air  of  average  dryness,  gunpoAvder  absorbs  about  0-5  per 
cent,  of  water.  In  damp  air  it  absorbs  a  much  larger  proportion,  and 
becomes  deteriorated  in  consequence  of  the  saltpetre  being  dissolved,  and 
crystaUising  upon  the  surface  of  the  grains.  Actual  contact  mth  water 
dissolves  the  saltpetre  and  disintegrates  the  grains.  AVhen  very  gradually 
heated  in  air,  gunpowder  begins  to  lose  sulphur,  even  at  212  F.,  this 
ingredient  passing  off  rapidly  as  the  teniperatui-e  riges,  so  that  the  greater 
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part  of  it  may  be  expelletl  without  inflaming  tlie  powder,  especially  if  tlie 
powder  is  heated  in  carbonic  acid  or  hydrogen,  to  prevent  contact  Avith 
air.  If  gunpowder  be  suddenly  heated  to  G00°  Y.  in  air,  it  explodes,  the 
sulphur  probably  intlammg  first ;  but  out  of  contact  with  ah-  a  higher 
temperature  is  required  to  inflame  it.  The  ignition  of  gunpowder  by 
flame  is  not  ensured  unless  the  flame  be  flashed  among  the  grains  of  powder ; 
it  often  takes  some  time  to  ignite  powder  with  the  flame  of  a  piece  of  burning 
paper  or  stick,  but  contact  with  a  red-hot  solid  body  inflames  it  at  once.  A 
heap  of  good  powder,  when  fired  on  a  sheet  of  white  paper,  burns  without 
sparks  and  without  scoi'ching  or  kindling  the  paper,  which  should  exhibit 
only  scanty  black  marks  of  charcoal  after  the  explosion.  If  the  powder 
has  not  been  thoroughly  incorporated,  it  will  leave  minute  globules  of 
fused  nitre  upon  the  jjaper.  Two  ounces  of  the  powder  should  be  capable 
of  thromng  a  68-lb.  shot  to  a  distance  of  260  to  300  feet  from  an  8-inch 
mortar  at  45°  elevation. 

Very  fortmiately,  it  is  difficult  to  explode  gunpowder  by  concussion, 
though  it  has  been  found  possible  to  do  so,  especially  on  iron,  and  acci- 
dents appear  to  have  been  caused  in  this  way  by  the  ii'on  edge-runners  in 
the  incorporating  mill,  when  the  workmen  have  neglected  the  special  pre- 
cautions which  are  laid  down  for  them.  The  use  of  stone  upon  iron  in 
the  incorporation  is  avoided,  because  of  the  great  risk  of  producing  sparks, 
and  copper  is  employed  in  the  various  fittings  of  a  powder  mill  wherever  it 
is  possible. 

The  electric  spark  is,  of  course,  capable  of  fii'ing  gunpowder. 

320.  Products  op  explosion  of  gunpowder. — In  the  explosion  of  gun- 
powder, the  oxygen  of  the  nitre  converts  the  carbon  of  the  charcoal  chiefly 
into  carbonic  acid  (COg),  part  of  which  assumes  the  gaseous  state,  whilst 
the  remainder  combines  with  the  potash  of  the  nitre  to  form  carbonate  of 
potash  (KO .  COj).  The  greater  part  of  the  sulphur  is  converted  into 
sulphuric  acid  (SO3),  which  forms  sulphate  of  potash  (KO .  SO3).  The 
chief  part  of  the  nitrogen  contained  in  the  nitre  is  evolved  in  the  uncom- 
bined  state.  The  rough  chemical  account  of  the  explosion  of  gunpowder, 
therefore,  is  that  the  mixture  of  nitre,  sulphur,  and  charcoal  is  resolved 
into  a  mixture  of  carbonate  of  potash,  sulphate  of  potash,  carbonic  acid, 
and  nitrogen,  the  two  last  being  gases,  the  elastic  force  of  which,  when 
expanded  by  the  heat  of  the  combustion,  accounts  for  the  mechanical 
effect  of  the  explosion. 

But  in  addition  to  these,  several  other  substances  are  found  among  the 
products  of  the  explosion.  Thus,  the  presence  of  sulphide  of  potassium 
(KiS)  may  be  recognised  by  the  smeU  of  hydrosulphuric  acid  produced  on 
moistening  the  solid  residue  in  the  barrel  of  a  gun,  and  hydrosulpliuric 
acid  (HS)  itself  may  often  bo  perceived  in  the  gases  produced  by  the 
explosion,  the  hydrogen  being  derived  from  the  charcoal.  A  little  marsh- 
gas  (C^H,)  is  also  found  among  the  gases,  being  produced  by  the  decom- 
position of  the  charcoal,  a  portion  of  the  hydrogen  of  which  is  also 
disengaged  in  the  free  state.  Carbonic  oxide  (CO)  is  always  detected 
among  the  products.  It  is  evident  that  the  collection  for  analysis  of  the 
products  of  explosion  must  be  attended  with  some  trouble,  and  that  con- 
siderable differences  are  to  be  expected  between  the  results  obtained  by 
different  operators,  from  the  variation  of  the  circumstances  under  wliicii 
the  powder  is  fired  and  the  products  collected.  When  the  powder  is 
slowly  burnt,  a  considerable  proportion  of  the  nitrogen  in  the  saltpetre  is 
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evolved  in  tlie  form  of  nitric  oxide  gas  (NO2),  wliicli  is  not  found  among 
the  products  of  the  rapid  explosion  of  powder. 

Some  of  the  most  recent  experiments  upon  the  explosion  of  gunpowder 
have  been  made  tinder  conditions  very  similar  to  those  which  occur  in 
practice,  the  powder  having  been  confined  in  a  thin  iron  case  and  sus- 
pended in  the  centre  of  a  strong  iron  globe  exhausted  of  air,  in  which  the 
powder  was  fired  by  electricity,  so  that  the  gaseous  and  solid  products  of 
the  explosion  remained  within  the  globe,  and  could  be  submitted  to 
analysis.  Two  samples  of  powder  were  thus  examined,  but  their  com- 
position differed  from  that  of  English  Government  powder  stated  above, 
as  will  be  seen  by  the  following  table  : — 

I.  II. 

Nitre,   73-78       ...       77  15 


Sulphur, 

Charcoal,  viz.,  Carbon, 

Hydrogen, 

Oxygen, 

Ash, 


12-80 
10-88 

0-  38 

1-  82 
0-31 

99-97 


863 
11-78 

0-  42 

1-  79 
0-28 

100-05 


About  570  grs.  of  powder  were  exploded  in  each  experiment.  The  gas 
collected  was  found  to  be  inflammable,  as  would  be  expected  from  the 
flash  which  is  always  perceived  at  the  muzzle  when  a  gun  is  discharged. 

100  grs.  of  sample  I.  gave  107'4  cub.  in.  of  gas  at  32°  F.  and  30  in.  Bar. 

j;  )5       11-     ))     117  5  „  „ 

The  gases  contaiaed,  in  100  cubic  inches — 


Nitrogen,  .... 
Carbonic  acid  (COj), 
Carbonic  oxide  (CO), 
Hydrogen, 

Sulphuretted  hydrogen  (HS), 
Marsh-gas  (CaH^),  . 


I. 

II. 

37-58 

35-33 

42-74 

48-90 

10-19 

5-18 

5-93 

6-90 

0-86 

0-67 

2-70 

3-02 

100-00 

100-00 

The  products  of  explosion  furnished  by  100  grains  of  each  powder, 
were — 


Sulphate  of  potash  (KO .  SO3), 
Carbonate  of  potash  (KO  .  COj), 
Hyposulphite  of  potash  (KO .  S^O 
Sulphide  of  potassium  (KS), 
Sesquicarbonate  of  ammonia, 
Charcoal, 
Sulphur, 
Nitrogen, 

Carbonic  acid  (COj), 
Carbonic  oxide  (CO), 
Hydrogen,  . 

Sulphuretted  hydrogen  (HS) 
Marsh-gas  (C^H^), 


I. 

II. 

36-95 

36-17 

19-40 

20-78 

2-85 

1-77 

Oil 

0-00 

2-68 

2-66 

2-57 

2-60 

4-69 

1-16 

9-77 

10-06 

17-39 

21-79 

2-64 

1-47 

0-11 

0-14 

0-27 

0-23 

0-40 

0-49 

99-83 

99-32 

In  both  these  cases  it  will  be  seen  that  if  the  charcoal  and  sulphur 
which  took  no  part  in  the  combustion  be  left  out  of  consideration,  the 
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sulphate  and  carbonate  of  potasli  formed  togetlier  more  than  f  of  the 
solid  products  of  explosion;  and  that  the  carbonic  acid  and  nitrogen 
tiikeu  together  amounted,  in  the  one  case  to  j%,  and  in  the  other  to  |f.  of 
1  the  gaseous  products.  K  only  the  chief  products  of  the  explosion  be 
taken  into  consideration,  viz.,  sulphate  and  carbonate  of  potash,  carbonic 
acid,  carbonic  oxide,  and  nitrogen,  the  following  equation  is  the  simplest 
which  can  be  constructed  from  the  above  numerical  data  :— 

7(K0.N0,)    +    S,    +    C,,  = 
4(KO.S03)  +  3(K0.C0J  +  SCO,  +        +  CO  . 

This  equation,  however,  would  represent  a  gunpowder  composed  of 

Nitre,  ...  838 
Sulphur,  .  .  7-5 
Charcoal,      .       .  8-5 


99-8 

and  would  require  the  products  of  decomposition  to  be — 


Sulphate  of  potash, 

41-2 

Carbonate  of  potash,  . 

24-6 

Carbonic  acid, 

20-8 

Nitrogen, 

11-6 

Carbonic  oxide,  . 

1-6 

99-7 

Eeasoning  from  analogy  with  other  chemical  operations,  it  seems  pro- 
bable that  the  explosion  of  gunpowder  really  includes  a  number  of 
chemical  changes  which  cannot  be  simply  represented  in  one  equation, 
and  that  whilst  the  above  equation,  or  some  similar  one,  represents  the 
principal  reaction  which  takes  place  during  the  explosion,  there  are  other 
minor  reactions  in  progress,  the  products  of  which  are  found  in  smaller 
quantity. 

321.  Calculation  of  the  foece  of  fired  gunpowdek. — The  mechani- 
cal force  exerted  in  the  explosion  of  gunpowder  depends  upon  the  pro- 
duction of  a  large  volume  of  gas  from  a  small  volume  of  solid,  the  volume 
of  the  gas  being  increased  by  the  expansive  effect  of  the  heat  generated 
in  the  combustion  of  the  charcoal  and  sulphur.  To  calculate  the  amount 
.of  this  mechanical  force,  it  is  necessary  to  ascertain  the  volume  of  gas 
which  would  be  evolved  by  a  given  volume  of  powder,  and  the  extent  to 
which  this  gas  would  be  expanded  by  the  heat  at  the  instant  of  explosion. 

In  order  to  illustrate  this  calculation,  let  it  be  assumed  that  the  equa- 
tion given  above  correctly  represents  the  explosion  of  the  powder,  viz. — 

^  7(K0.N0,)   +   S,   +   C,,  = 

4(KO.S03)   +   3(K0.C0,)   +   SCO^  +  +-C0. 

Now,  it  is  known,  as  a  result  of  experimental  determination,  that 

7  eqs.  nitrate  of  potash  (101    x    7)    =    707  grains. 
4  eqs.  sulphur  (  16    x    4)    =  64 

12  oqs.  carbon  (    6    x  12)    =     72  '' 


Gunpowder,     .      .  843 
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8  eqs.  carbonic  acid  (22  X  8)  = 
7  eqs.  nitrogen  (14    X    7)  = 

1  eq.  carbonic  oxide  ~ 


At.  G0°  R,  und  30  In.  Bar. 
17G  grains  =  372-0  cub.  inclics. 
98     „      =  325-4 
U     „      =    46-5  „ 


743-9  „ 

Hence  it  appears  that  843  grains  of  gunpowder  would  yield  743-9 
cubic  inches  of  gas  measured  at  60°  F.  and  30  in.  barometric  pressure. 

If  one  cubic  foot  of  tlie  powder  weighs  58  lbs.,  one  cubic  inch  will 
weicfh  234-9  grains,  and  will  evolve  207  cubic  inches  of  gas  measured  at 
60°°F.  and  30  in.  Bar. 

But  the  mechanical  force  exerted  by  the  powder  depends  upon  the 
yolume  of  this  gas  at  the  period  of  explosion,  and  in  order  to  calculate 
this,  we  must  ascertain  what  would  be  its  temperature  at  that  period. 

A  carefuUy  conducted  experiment  has  shown  that  the  explosion  of  one 
part  by  weight  of  gunpowder  is  able  to  raise  the  temperatiu-e  of  619-5 
parts  by  weight  of  water  from  0°  C.  to  1°  C,  or  to  raise  the  temperature  of 
one  part  by  weight  of  water  from  0°  C.  to  619°-5  C,  supposiag  the  water 
to  be  capable  of  bearing  so  great  an  elevation  of  temperature  without 
change  of  state. 

This  result  is  generally  expressed  by  saying  that  the  combustion  of  the 
powder  evolves  619-5  units  of_  heat  (the  unit  of  heat  being  the  quantity 
required  to  raise  1  part  by  weight  of  water  from  0°  C.  to  1°  C.) 

But  the  products  of  the  explosion  of  powder  wiU  be  raised  to  a  higher 
temperature  than  6 19° -5  C,  because  their  specific  heat  is  lower  than  that 
of  water. 

Eor  the  purpose  of  this  calculation,  the  specific  heat  of  a  substance  may 
be  defined  as  the  quantity  of  heat  required  to  raise  1  gr.  of  the  substance 
through  r  of  the  thermometer,  water  being  taken  as  the  unit. 

It  is  evident  that  if  the  specific  heat  of  each  product  of  the  explosion 
be  multiphed  by  the  actual  weight  of  that  product,  the  result  will  be  the 
quantity  of  heat  required  to  raise  that  product  1°  in  temperature. 

The  specific  heats  of  the  products  have  been  ascertained  by  experiment, 
and  are  contained  in  the  first  column  of  figures  in  the  following  table. 
The  actual  weight  of  each  product  from  the  explosion  of  1  gr.  of  powder 
is  contained  in  the  second  column,  and  the  third  column  shows  the 
quantity  of  heat  required  to  raise  each  product  1°  C.  (representing  as 
imity  the  quantity  of  heat  required  to  raise  1  gr.  of  water  from  0°  C. 
to  1°  C.) 

„      „    1      From  1  gr. 
Spec  Heat.  j,^^,,^,^,^ 

Sulphate  of  potash, .  .  0-1901  x  0-412  =  0-07832 

Carbonate  of  potash,  .  0-2162  x  0-246  =  0-05319 

Carbonic  acid,        .  .  0-2164  x  0-209  =  0-04523 

Nitrogen,        .       .  .  0-2440  x  0-116  =  002830 

Carbonic  oxide,       .  .  0-2479  x  0-017  =  0-00421 

0-20925 

The  quantity  of  heat,  therefore,  which  is  required  to  raise,  through 
1°  C,  the  joint  products  of  the  explosion  of  one  grain  of  gunpowder  is 
0-20925  of  the  above-mentioned  unit. 

Dividing  the  619-5  units  of  heat  generated  in  the  explosion,  by  the 
quantity  of  heat  required  to  raise  the  joint  products  through  one  degree, 
viz.,  0-20925,  we  obtain  2960°  C.  (  =  5328°  F.)  for  the  number  of 
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degrees  through  which  the  products  will  be  raised  by  the  explosion,  i.e., 
for  the  teiuperature  of  the  products  at  the  moment  of  explosion.* 

It  remains  to  be  ascertained  what  volume  would  be  occupied,  at  5328° 
F.,  by  the  207  cubic  inches  of  gas  at  G0°  F.  evolved  from  one  cubic  inch 
of  powder. 

The  expansion  which  gases  suffer  when  heated  amounts  to  jjy  of  their 
volume  at  32°  F.  for  each  degree  Fahi-enheit. 

Thus  491  volumes  of  gas  at  32°  F.  become 
492       „  „      33°  F., 

and,  if  heated  28°  above  32°,  i.e.,  to  60°  F.,  they  would  become  491  +  28, 
or  519  volumes.  If  the  491  volumes  be  heated  to  5328°  F.,  or  5296° 
above  32°,  they  will  expand  to  491  +  5296,  or  5787  volumes. 

Tlie  volume  of  the  gas  at  the  moment  of  explosion,  therefore,  will  be 
ascertained  from  the  following  proportion — ■ 

Vols,  at  60°  F.    Vols,  at  5328°  P.        Cub.  in.  at  60°  P.       Cub.  in.  at  5328°  F. 
519       :       5787         :  :         207  :  2308 

from  which  it  appears  that  one  cubic  inch  of  powder  would  evolve  a 
quantity  of  gas  measuring  2308  cubic  inches  at  the  moment  of  ex- 
plosion. 

Since  the  pressure  exerted  by  gases  upon  the  sides  of  a  containing 
space  is  inversely  as  their  volume,  the  gas  evolved  from  a  cubic  inch  of 
powder,  if  developed  in  a  space  exactly  filled  by  the  powder,  would  exert 
a  pressure  of  2308  atmospheres,  or  34,620  lbs.,  or  15^  tons  upon  the 
square  inch. 

It  is  here  supposed,  of  course,  that  the  whole  of  the  gas  is  evolved  at 
once,  and  is  immediately  raised  to  the  same  temperature,  conditions  never 
fulfilled  in  the  use  of  gunpowder  in  small  arms  or  in  cannon,  where  the 
combustion  of  the  charge  is  not  instantaneous  but  rapidly  progi-essive, 
where  the  coniining  space  is  rapidly  enlarged  by  the  movement  of  the 
projectile  long  before  the  whole  of  the  charge  has  exploded,  and  where 
the  heated  gas  is  cooled  by  contact  with  the  metal  of  the  piece. 

The  period  over  which  the  combustion  of  a  given  weight  of  powder  ex- 
tends will,  of  course,  depend  upon  the  extent  of  surface  over  which  it 
can  be  kindled ;  thus  a  single  fragment  of  powder  weighing  10  grains, 
even  if  it  were  instantaneously  kindled  over  its  entire  surface,  could  not 
evolve  so  much  gas  in  a  given  time  as  if  it  had  been  broken  into  ten 
separate  grains,  each  of  which  was  kindled  at  the  same  instant,  since  the 
inside  of  the  large  fragment  can  only  be  kindled  from  the  outside.  Upon 
this  principle  a  given  weight  of  powder  in  large  grams  will  occupy  a 
longer  period  in  its  explosion  than  the  same  weight  in  small  gi-ains,  so 
that  the  large  grain  powder  is  best  fitted  for  ordnance,  where  the  ball  is 
very  heavy,  and  the  time  occupied  in  movmg  it  will  permit  tlie  whole  of 
the  charge  to  be  fired  before  the  ball  has  left  the  muzzle,  whilst  in  small 
arms  with  light  projectiles,  a  finer  grained  and  more  quickly  burning 
charge  is  required.  If  the  fine  grain  powder  were  used  in  cannon,  the 
whole  of  the  gas  might  be  evolved  before  the  containing  space  had  been 
sensibly  enlarged  by  the  movement  of  the  heavy  projectile,  and  the  gun 
would  be  subjected  to  an  unnecessary  strain ;  on  the  other  hand,  a  large 

*  Strictly  speaking  32°  F.  .should  bo  iiddcd,  nn  account  ol' tho  difTcrent  positions  of  the 
zero  in  the  two  scales,  but  it  would  not  nuiterially  allbct  tho  result. 
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grain  powder,  in  a  musket,  would  evolve  its  gas  so  slowly  that  the  ball 
might  he  expelled  with  little  velocity  by  the  first  half  of  it,  and  the  re- 
mainder would  be  wasted.  There  is  good  reason  to  believe  that  even 
under  the  most  favourable  circumstances,  a  large  proportion  of  every  charge 
of  powder  is  discharged  unexploded  from  the  muzzle  of  the  gun,  and  is 
therefore  wasted.  In  blasting  rocks  and  other  mining  operations,  the 
space  within  which  the  powder  is  confined  is  absolutely  incapable  of  en- 
largement until  the  gas  evolved  by  the  combustion  has  attained  sufficient 
pressure  to  do  the  whole  work,  that  is,  to  rend  the  rock,  for  example, 
asunder.  Accordingly,  a  slowly  burning  charge  will  produce  the  effect, 
since  the  rock  must  give  way  when  the  gas  attaius  a  certain  pressure, 
whether  that  happens  in  one  second  or  in  ten.  Indeed,  a  sloAvly  burning 
charge  is  advantageous,  as  being  less  liable  to  shatter  the  rock  or  coal,  and 
bringing  it  away  in  larger  masses  with  less  danger.  Nitrate  of  barji;a  and 
nitrate  of  soda  are  sometimes  substituted  for  a  part  of  the  nitrate  of 
potash  in  mining  powder,  its  combustion  being  thus  retarded.* 

When  gunpowder  is  slowly  burnt,  the  products  of  its  decomposition  are 
different  from  those  mentioned  above ;  thus,  nitric  oxide  (NOg),  arising 
from  incomplete  decomposition  of  the  nitre,  is,  perceived  in  considerable 
quantity,  and  may  be  recognised  by  the  red  colour  produced  when  it  is 
brought  in  contact  with  air. 

The  white  smoke  resulting  from  the  explosion  of  gunpowder  consists 
chiefly  of  the  sulphate  and  carbonate  of  potash  in  a  very  finely  divided 
state ;  it  seems  probable  that  at  the  instant  of  explosion  they  are  con- 
verted into  vapour,  and  are  afterwards  deposited  in  a  state  of  minute 
division  as  the  temperature  falls.  The  fouling  or  actual  solid  residue  in 
the  gun  is  very  trifling  when  the  powder  is  dry  and  has  been  weU  incor- 
porated ;  a  damp  or  slowly  burning  powder  leaves,  as  might  be  expected, 
the  larger  residue.  The  residue  always  becomes  wet  on  exposure  to  air, 
from  the  great  attraction  for  moisture  possessed  by  the  carbonate  of  potash 
and  sulphide  of  potassium. 

322.  Effect  of  variations  of  atmospheric  pressure  on  t?ie  combustion  of 
gunpoivder. — From  the  circumstance  that  the  combustion  of  gunpowder  is 
independent  of  any  supply  of  oxygen  from  the  air,  it  might  be  supposed 
that  it  would  be  as  easily  inflamed  in  vacuo  as  imder  ordinary  atmo- 
spheric pressure.  This  is  not  foiind  to  be  the  case,  however,  for  a 
mechanical  reason,  viz.,  that  the  flame  from  the  particles  which  are  first 
ignited  escapes  so  rapidly  into  the  vacuous  space,  that  it  does  not  inflame 
the  more  remote  particles.  For  a  similar  reason,  charges  of  powder  in 
fuzes  are  found  to  burn  more  sloAvly  rmder  diminished  atmospheric 
pressure,  the  flame  (or  heated  gas)  escaping  more  rapidly  and  igniting  less 
of  the  remaining  charge  in  a  given  time.  It  has  been  determined  that  if 
a  fuze  be  charged  so  as  to  burn  for  thii'ty  seconds  under  ordinary  atmo- 
pheric  pressure  (30  inches  barometer),  each  diminution  of  one  inch  in 
barometric  pressure  will  cause  a  delay  of  one  second  in  the  combustion  of 
the  charge,  so  that  the  fuze  will  burn  for  thirty-one  seconds  when  the 
barometer  stands  at  29  inches. 

Tho  manufacture  of  gunpowder  may  be  illustrated  by  the  following  experiments 
on  a  small  scale : — 


•  Some  doubt  appears  to  be  thrown  upon  thsse  principles  by  the  efficiency  of  nitrogly- 
cermo  in  blasting  {see  thai  compound). 
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Pig. 


264.— Distillation  of 
sulphur. 


Preparation  of  the  ingredients — Charcoal. — A  few  small  pieces  of  wood  are  placed 
in  a  clay  crucible,  which  is  then  filled  up  with  dry 
sand  and  heated  in  a  moderate  fire  as  long  as  any 
vapours  are  evolved,  when  it  may  be  set  aside  to 
cool. 

Sulphur. — 500  grains  of  roll  sulphur  may  be  dis- 
tilled in  a  Florence  flask,  using  another  flask,  the 
neck  of  which  has  been  cut  ofl'  (fig.  264),  for  a 
receiver,  from  which  the  sulphur  is  afterwards 
poured,  in  a  melted  state,  upon  a  piece  of  tin-plate. 

Nitre. — 1000  grains  of  impure  nitre  are  dissolved, 
at  a  moderate  heat,  in  four  measured  ounces  of 
distilled  water,  in  an  evaporating  dish  (fig.  265) ; 
the  solution  is  filtered  into  a  beaker  which  is  placed 
in  cold  water,  and  stirred  with  a  glass  rod  until  it 
is  quite  cold.    The  saltpetre  flour  thus  obtained  is  collected  upon  a  filter,  thoroughly 
drained,  the  filter  removed  from  the  funnel,  spread  out,  the  saltpetre  transferred  to 
another  piece  of  filter  paper,  and  pressed  between 
the  paper  to  remove  as  much  of  the  liquid  as  pos- 
sible ;  it  is  then  spread  out  on  paper  and  dried  on  a 
hot  brick.    (For  the  mode  of  testing  its  purity  see 
p.  418). 

Mixture  of  the  ingredients. — 60  grains  of  the  char- 
coal, reduced  to  a  very  fine  powder,  40  grains  of  the 
sulphur,  also  previously  powdered,  and  300  grains  of 
the  dried  nitre,  are  very  intimately  mixed  in  a  mortar ; 
60  grains  of  the  mixture  are  set  aside  for  comparison. 
To  the  remainder  enough  water  is  added  to  make 
it  into  a  stiff  cake,  which  is  well  incorporated  under 
the  pestle  for  some  time.  It  is  then  scraped  out  of 
the  mortar  and  allowed  to  dry  slowly  at  a  very  gentle 
heat.  When  perfectly  dry  it  is  crumbled  to  a  coarse 
powder,  and  the  dust  sifted  out  through  a  piece  of 
wire  gauze.  It  will  be  found  instructive  to  compare, 
in  trains  and  otherwise,  the  firing  of  the  powder  in 
mixed  ingredients  without  incorporation,  observing 
rapidity  of  burning  and  in  the  amount  of  residue. 


Pig.  265. 

grains,  of  the  dust,  and  of  the 
especially  the  difference  in 
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323.  Several  of  the  applications  of  chemical  principles  in  the  comhus- 
tion  of  fuel  have  been  already  explaiaed  and  illustrated.  The  object  of 
this  chapter  is  to  compare  the  chemical  composition  of  the  most  important 
varieties  of  fuel,  and  to  exemplify  the  principles  upon  which  their  laeattng 
power  may  be  calculated  from  the  results  furnished  by  the  analysis  of  the 
fuel. 

All  the  varieties  of  ordinary  fuel,  of  course,  contain  a  large  proportion 
of  carbon,  always  accompanied  by  hydrogen  and  oxygen,  and  sometimes 
by  small  proportions  of  nitrogen  and  sidphur.  Certain  mmeral  substances 
are  also  contained  in  aU  solid  fuels,  and  compose  the  ash  when  the  fuel  is 
burnt. 

For  all  practical  piuposes  it  may  be  stated,  that  the  amount  of  heat 
generated  by  the  combustion  of  a  given  weight  of  fuel  depends  upon  the 
weights  of  carbon  and  hydrogen,  respectively,  which  enter  into  combina- 
tion with  the  oxygen  of  the  air  in  the  act  of  combustion  of  the  fuel. 

It  has  been  ascertained  by  experiment  that  1  grain  of  carbon  (in  the 
form  in  which  it  exists  in  wood  charcoal),  when  combming  with  oxygen  to 
form  carbonic  acid,  produces  a  quantity  of  heat  which  is  capable  of  raising 
8080  grains  of  water  from  0°  to  1°  of  the  Centigrade  thermometer.  This 
is  usually  expressed  by  saying  that  tlic  calorific  value  of  carbon  is  8080, 
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or  that  carbon  produces  8080  units  of  heat  during  its  combustion  to 
carbonic  acid.  If  the  fuel,  therefore,  consisted  of  pure  carbon,  it  would 
merely  be  necessary  to  multiply  its  weight  by  8080  to  ascertain  its  calorific 
value. 

1  grain  of  hydrogen,  during  its  conversion  into  water  by  combustion, 
evolves  enough  heat  to  raise  34:,400  grains  of  water  from  0°  C.  to  1°  C,  so 
that  the  calorific  value  of  hydrogen  is  34,400. 

If  the  fuel  consisted  of  carbon  and  hydrogen  only,  its  calorific  value 
would  be  calculated  by  multiplying  the  weight  of  the  carbon  in  one  grain 
of  the  fuel  by  8080,  and  that  of  the  hydrogen  by  34,400,  when  the  sum 
of  the  products  would  represent  the  calorific  value.  But  if  the  fuel 
contains  oxygen  already  combined  with  it,  the  calorific  value  wiU  be 
diminished,  since  this  oxygen  will  consume  a  part  of  the  combustible 
without  generatiug  heat,  because  it  already  exists  in  a  state  of  combina- 
tion with  the  carbon  and  hydrogen  of  the  fuel.  For  example,  1  grain  of 
wood  contains  0'5  grain  of  carbon,  0"06  of  hydrogen,  and  0-44  of  oxygen. 
Now,  oxygen  combines  with  one-eighth  of  its  weight  of  hydrogen  to 

•44 

form  water,  so  that  the  0-44  grain  of  oxygen  will  convert  -g-  =  "055 

of  the  hydrogen  into  water,  without  evolution  of  available  heat,  leaving 
only  0*005  available  for  the  production  of  heat.  The  calorific  value  of 
the  wood,  therefore,  would  be  represented  by  the  sum  of  0"005  x  34,400 
172)  and  0-5  x  8080  (=  4040),  which  woiild  amount  to  4212;  or  1 
grain  of  wood  should  raise  4212  grains  of  water  from  0°  C.  to  1°  C. 

These  considerations  lead  to  the  following  general  foiinula  for  calculat- 
ing the  calorific  value  of  a  fuel  containing  carbon,  hydrogen,  and  oxygen, 
where  c,  h,  and  o  respectively  represent  the  carbon,  hydrogen,  and  oxygen 
in  one  grain  of  fuel. 

The  calorific  value  (or  number  of  grains  of  water  which  might  be  heated 

by  the  fuel  from  0°  C.  to  1°  C.)  =  8080  c  +  34,400  {h  -  -|j  or 

8080  c  +  34,400  h  -  4300  a. 

The  calorific  value  of  a  fuel,  as  determined  by  experiment,  is  generally 
less  than  would  be  calculated  from  its  chemical  composition,  in  consequence 
of  the  absorption  of  a  certain  amount  of  heat  attending  the  chemical 
decomposition  of  the  fuel.  In  the  case  of  compounds  of  carbon  and  hydro- 
gen, it  has  been  observed  that  even  when  they  have  the  same  composition 
in  100  parts,  they  have  not  of  necessity  the  same  calorific  value,  the  latter 
being  affected  by  the  difference  in  the  arrangement  of  the  component  par- 
ticles of  the  compoiind,  which  causes  a  difference  in  the  quantity  of  heat 
absorbed  during  its  decomposition.  Thus  olefiant  gas  (C^HJ  and  cetjdene 
(C32H3J  have  the  same  percentage  composition,  and  their  calculated  calorific 
values  would  be  identical,  but  the  former  is  found  to  produce  11,858  units 
of  heat,  and  the  latter  only  1 1,055.  As  a  general  rule,  however,  it  is  found 
that  the  calorific  values  of  the  hydrocarbons  which  contain  an  equal 
number  of  equivalents  of  each  element,  agree  more  nearly  with  the  calcu- 
lated numbers  than  do  those  of  hydrocarbons  which  contain  an  unequal 
number  of  equivalents,  like  marsh-gas  (C.,H^). 

It  must  be  remembered  that  the  calorific  value  of  a  fuel  represents  the 
actual  amount  of  heat  which  a  given  weight  of  it  is  capable  of  producing, 
and  is  quite  independent  of  the  manner  in  which  the  fuel  is  bm-nt.  Thus, 
a  hundredweight  of  coal  Avill  produce  precisely  the  same  amount  of  heat  in" 
an  ordinary  grate  as  in  a  wind-furnace,  though  in  the  former  case  the  fire 
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will  scarcely  be  capable  of  melting  copper,  and  in  tlie  latter  it  will  melt 
steel.  Tlie  cliH'erence  resides  in  the  temperatura  or  calorific  intensity  of 
the  two  fires ;  in  the  wiiid-furnace,  tlu-ough  which  a  rapid  draught  of  air 
is  maintained  by  a  chimney,  a  much  greater  weight  of  atmospheric  oxygen 
is  brought  into  contact  with  the  fuel  in  a  given  time,  so  that,  in  that 
time,  a  greater  weight  of  fuel  wUl  be  consumed  and  more  heat  will  be 
produced;  hence  the  fire  will  have  a  higher  temperatui'e,  for  the  tem- 
perature represents,  not  the  quantity  of  heat  present  in  a  given  mass  of 
matter,  but  the  intensity,  or  extent  to  which  that  heat  is  accumulated  at 
any  particular  point.  In.  the  case  of  the  wind-furnace  here  cited,  a  further 
advantage  is  gained  from  the  circumstance,  that  the  rapid  draught  of  air 
allows  a  given  weight  of  fuel  to  be  consumed  ia  a  smaller  space,  and,  of 
course,  the  smaller  the  area  over  wliicli  a  given  quantity  of  heat  is  distri- 
buted, the  liigher  the  temperatui-e  within  that  area  (as  exemplified  in  the 
use  of  the  common  burning-glass).  In  some  of  the  practical  applications 
of  fuel,  such  as  heating  steam-boilers  and  warming  buildings,  it  is  the 
calorifi£  value  of  the  fuel  which  chiefly  concerns  us,  but  the  case  is  difi"erent 
where  metals  are  to  be  melted,  or  chemical  changes  to  be  brought  about 
by  the  application  of  a  very  high  temperature,  for  it  is  then  the  calorific 
intensity,  or  actual  temperature  of  the  burning  mass,  which  has  to  be  con- 
sidered. No  trustworthy  method  has  yet  been  devised  for  determining 
by  direct  experiment  the  calorific  intensity  of  fuel,  and  it  is  therefore 
ascertained  by  calculation  from  the  calorific  value. 

Let  it  be  required  to  calculate  the  calorific  intensity,  or  actual  tempera- 
ture, of  carbon  btu'ning  in  pure  oxygen  gas. 

6  grains  (1  eq.)  of  carbon  combine  with  16  grains  (2  eqs.)  of  oxygen, 
producing  22  grains  of  carbonic  acid ;  hence  1  grain  of  carbon  combines 
mth  2 -67  grains  of  oxygen,  producing  3 '67  grains  of  carbonic  acid.  It 
has  been  seen  above  that  1  grain  of  carbon  evolves  8080  units  of  heat,  or 
is  capable  of  raising  8080  grains  of  water  from  0°  to  1°C.,  or,  on  the  sup- 
position that  the  water  would  bear  such  an  elevation  of  temperature,  the 
1  grain  of  carbon  would  raise  1  grain  of  water  from  0°  to  8080°  C.  If 
the  specific  heat  (or  heat  required  to  raise  1  grain  through  1°,  see  p.  426)  of 
carbonic  acid  were  the  same  as  that  of  water,  8080°  divided  by  3 '6 7 
would  represent  the  temperature  to  which  the  3"67  grains  of  carbonic  acid 
Avould  be  raised,  and  therefore  the  temperature  to  which  the  sohd  carbon 
producing  it  would  be  raised  in  the  act  of  combustion.  But  the  specific 
heat  of  carbonic  acid  gas  is  only  0"2163,  so  that  a  given  amount  of  heat 
would  raise  1  grain  of  carbonic  acid  to  nearly  five  times  as  high  a  tem- 
perature as  that  to  which  it  would  raise  1  grain  of  water. 

Dividing  the  8080  units  of  heat  (available  for  raising  the  temperature 
of  the  carbonic  acid)  by  0'2163,  the  quantity  of  heat  required  to  raise  1 
grain  of  carbonic  acid  1°,  we  obtain  37,355  for  the  number  of  degrees 
through  which  1  grain  of  carbonic  acid  might  be  raised  by  the  combustion 
of  1  grain  of  carbon.  But  there  are  3-67  grains  of  carbonic  acid  formed 
in  the  combustion,  so  that  the  above  number  of  degrees  must  be  divided 
by  3-67  in  order  to  obtain  the  actual  temperatiu'e  of  the  carbonic  acid  at 
the  instant  of  its  production,  that  is,  the  temperature  of  the  burning  mass. 
The  calorific  intensity  of  carbon  burning  in  pure  oxygen  is,  therefore 
(37,355°  C.  ^  3-67  =)  10,178°  C.  or  18,352°  F.  But  if  the  carbon  be 
burnt  in  air,  the  temperature  wiU  be  far  lower,  because  the  nitrogen  of 
the  air  will  absorb  a  part  of  the  heat,  to  which  it  contributes  nothing. 
The  2-67  grains  of  oxygen  required  to  burn  1  grain  of  carbon  would  bo 
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mixed,  in  air,  with  8-93  grains  of  nitrogen,  so  that  the  8080  units  of 
heat  would  be  distributed  over  3-67  grains  of  carbonic  acid  and  8-93 
orains  of  nitrogen.  Since  the  specific  heat  of  carbonic  acid  is  0*2 16  3, 
the  product  of  3-67  x  0-2163  (or  0-794)  represents  the  quantity  of 
heat  required  to  raise  the  3-67  grains  of  carbonic  acid  from  0"  to 
r  C. 

The  specific  heat  of  nitrogen  is  0-2438;  hence  8-93  x  0-2438  (or 
2-177)  represents  the  quantity  of  heat  required  to  raise  the  8-93  grains  of 
atmospheric  nitrogen  from  0°  to  1°  C. 

Adding  together  these  products,  we  find  that  0-794  +  2-177  =  2-971 
represents  the  quantity  of  heat  required  to  raise  both  the  nitrogen  and 
carbonic  acid  from  0°  to  1°  C. 

Dividing  the  8080°  by  2-971,  we  obtain  2720°  C.  (4928°  E.)  for  the 
number  of  degrees  through  which  these  gases  would  be  raised  in  the  com- 
bustion, i.  e.,  for  the  calorific  intensity  of  carbon  burning  in  air.  By  heat- 
ing the  air  before  it  enters  the  furnace  (as  in  the  hot  blast  iron  fm-nace), 
of  course  the  calorific  intensity  would  be  increased  ;  thus  if  the  air  be  in- 
troduced into  the  furnace  at  a  temperatui-e  of  600°  F.,  it  might  be  stated, 
without  serious  error,  that  the  temperatm-e  producible  in  the  fiu-nace 
would  be  5528°  F.  (4928°  -i-  600°).  The  temperature  might  be  further 
increased  by  diminishing  the  area  of  combustion,  as  by  employing  very 
compact  fuel  and  increasing  the  pressure  of  the  blast. 

In  calculating  the  calorific  intensity  of  hydrogen  burning  in  air,  from 
its  calorific  value,  it  must  be  remembered  that  in  the  experimental  deter- 
mination of  the  latter  number  the  steam  produced  in  the  combustion  was 
condensed  to  the  liquid  form,  so  that  its  latent  heat  was  added  to  the 
number  representing  the  calorific  value  of  the  hydrogen ;  but  the  latent 
heat  of  the  steam  must  be  deducted  in  calculating  the  calorific  intensity, 
because  the  steam  goes  off  from  the  burning  mass  and  carries  its  latent 
heat  with  it. 

1  grain  of  hydrogen,  burning  in  air,  combines  with  8  grains  of  oxygen, 
producing  9  grains  of  steam,  leaving  26-77  grains  of  atmospheric  nitrogen, 
and  evolving  34,400  units  of  heat. 

It  has  been  experimentally  determined  that  the  latent  heat  of  steam  is 
537°  C,  that  is,  1  grain  of  water,  in  becoming  steam,  absorbs  537  units 
of  heat  (or  as  much  heat  as  would  raise  537  grains  of  water  from  0°  to  1° 
C.)  without  rising  in  temperature  as  indicated  by  the  thermometer.  The 
9  grains  of  water  produced  by  the  combustion  of  1  grain  of  hydi-ogen  wHl 
absorb,  or  render  latent,  537  x  9  =  4833  units  of  heat.  Deducting  this 
quantity  from  the  34,400  units  evolved  in  the  combustion  of  1  gram  of 
hydrogen,  there  remain  29,567  imits  of  heat  available  for  raisiug  the  tem- 
perature of  the  9  grains  of  steam  and  26-77  grains  of  atmospheric  nitrogen. 
The  specific  heat  of  steam  being  0-480,  the  number  (0-480  x  9  =  )  4-32 
represents  the  quantity  of  heat  required  to  raise  the  9  grains  of  steam 
through  1°  C. ;  and  the  specific  heat  of  nitrogen  (0-2438)  multiplied  by 
its  weight  (26-77  grains),  gives  6-53  units  of  heat  required  to  raise  the 
26-77  grains  of  nitrogen  through  1°  C.  By  dividing  the  available  heat 
(29,567  units)  by  the  joint  quantities  required  to  raise  the  steam  and  nitro- 
gen through  1°  C.  (4-32  -i-  6-53  =  10-85),  we  obtain  the  number  2725°  C. 
(4937°  F.)  for  the  calorific  intensity  of  hydrogen  burning  in  air. 

The  method  of  calculating  the  calorific  intensity  of  a  fuel  composed  of  carbon, 
hydrogen,  and  oxygen,  will  now  be  easily  followed. 

Let  c  and  h  respectively  represent  the  weights  of  carbon  and  hydrogen  in  1  gr. 
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offuel,andothatoftlieoxygeu.  Theiig  =  weight  of  Lydrogen  required  to  convert 

the  oxygen  into  water,  and  A  -  ^  represents  tlie  hydrogen  which  is  available  for  the 
production  of  heat. 

8080  c  +  34,400     _  |)  represents  the 

calorific  value  in  °C.,  =  8080  c  +  34,400  A  -  4300  o. 
2-67  c  =  atmospheric  oxygen  consumed  by  the  carbon  ; 

^      —      °'  ^  ^  ~  <'  =  atmospheric  oxygen  consumed  by  the  hydrogen  available 
as  fuel. 

3-34  (2-67  c  +  8  A  -  o)  =  atmospheric  nitrogen  =  8-92  c  +  26-72  A  —  3-34  o. 

Multiplying  this  by  the  specific  heat  of  nitrogen  0-2438,  we  obtain— 
2-17;c  +  6-61  A  —  0-81  o  for  the  heat  required  to  raise  the  nitrogen  through  1°  C. 

0-794  c  represents  the  quantity  of  heat  required  to  raise  the  carbonic  acid  through 
1°  C,  and  4-32  A  is  the  heat  reqiiired  to  raise  the  steam  through  1°.  Accordingly, 
the  available  heat,  8080  c  +  34,400  A  -  4300  o,  must  be  divided  by  0-794  c  +  4-32  A 
+  (2-17  c  +  6-51  A  -  0-81  o),  or  2-96  c  +  10-83  A  -  0-81  o  in  order  to  obtain  the 
calorific  intensity. 

Hence,  the  calorific  intensity,  in  Centigrade  degrees,  of  a  fuel  composed  of  carbon 
hydrogen,  and  oxygen,  is  represented  by  the  formula—  ' 

8080  c  +  34,400  A  -  4300  o 
2-96  c  +  10-83  h  -  0-81  o. 

The  actual  calorific  intensity  of  the  fuel  is  not  so  high  as  it  should  be 
according  to  theory,  because  a  part  of  the  carbon  and  hydrogen  is  con- 
verted into  gas  by  destructive  distillation  of  the  fuel,  and  this  gas  is  not 
actually  biunt  in  the  fire,  so  that  its  calorific  intensity  is  not  added  to 
that  of  the  burning  soHd  mass.  Again,  a  portion  of  the  carbon  is  con- 
verted into  carbonic  oxide  (CO),  especially  if  the  supply  of  au-  be  imperfect, 
and  much  less  heat  is  produced  than  if  the  carbon  were  converted  into 
carbonic  acid ;  although  it  is  true  that  this  carbonic  oxide  may  be  con- 
sumed above  the  fire  by  supplying  air  to  it,  the  heat  thus  produced  does 
not  increase  the  calorific  intensity  or  temperature  of  the  fire  itself 

One  grain  of  carbon  furnishes  2  -33  grains  of  carbonic  oxide.  These  2-33 
grains  of  carbonic  oxide  evolve,  in  theii-  combustion,  5599  units  of  heat. 
But  if  the  1  grain  of  carbon  had  been  converted  at  once  into  carbonic 
acid,  it  would  have  evolved  8080  units  of  heat,  so  that  8080  -  5599,  or 
2481,  represents  the  heat  evolved  during  the  conversion  of  1  grain  of 
carbon  into  carbonic  oxide,  showing  that  a  considerable  loss  of  heat  in  the 
fire  is  caused  by  an  imperfect  supply  of  air.  It  has  been  aheady  pointed 
out,  in  the  section  relating  to  Coal,  that  the  formation  of  carbonic  oxide  is 
sometimes  encouraged  with  a  view  to  the  production  of  a  flame  from  non- 
flaming  coal,  such  as  anthracite. 

The  table  (p.  434)  exhibits  the  average  percentage  composition  of  the 
principal  varieties  of  fuel  (exclusive  of  ash),  together  with  their  calculated 
calorific  values  and  intensities. 

In  aU  ordinary  fires  and  furnaces,  a  large  amount  of  heat  is  wasted  in 
the  current  of  heated  products  of  combustion  escaping  from  the  cliimney. 
Of  course,  a  portion  of  this  heat  is  necessary  in  order  to  produce  the 
draught  of  the  chimney.  In  boiler  furnaces  it  is  found  that,  for  this  pur- 
pose, the  temperature  of  the  air  escaping  from  tlie  chimney  must  not  be 
lower  than  from  500°  to  600°  F.    If  the  fuel  could  be  consumed  by  sup 
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plying  only  so  mucli  air  as  contains  tlie  requisite  quantity  of  oxygen,  a 
great '^saving  might  be  effected,  but  in  pmctice,  about  twice  the  calculated 
quantity  of^air  must  be  supplied,  in  order  to  elfcct  the  removal  of  the 
products  of  combustion  with  sufficient  rapidity. 

Much  economy  of  fuel  may  be  expected  from  the  use  of  furnaces  con- 
structed on  the  principle  of  Siemens'  regenerative  furnace,  in  which  the 
waste  heat  of  the  products  of  combustion  is  absorbed  by  a  quantity  of 
fire-bricks  and  employed  to  heat  the  air  before  it  enters  the  furnace,  two 
chambers  'of  fire-bricks  doing  duty  alternately,  for  absorbing  the  heat  from 
the  issuing  gas,  and  for  imparting  heat  to  the  entering  air,  the  current 
being  reversed  by  a  valve  as  soon  as  the  fire-bricks  are  strongly  heated. 


Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

Caloriflc 
Value. — Intensity. 

Wood  (Oak),  . 

50-18 

6-08 

43-74 

4212°  C. 

2380°C. 

Peat,  .... 

61-63 

5-64 

32-82 

5654 

2547 

Lignite  (Bovey) 

67-86 

5  75 

23-39 

0-57 

2-41 

6569 

2628 

Bituminous  coal, 

79-38 

5-34 

13-01 

1-85 

0-39 

7544 

2694 

Charcoal,  .    .  . 

90-44 

2-91 

6-63 

8003 

2760 

Antliracite,   .  . 

91-86 

3-33 

3-02 

0-84 

0  92 

8337 

2779 

Coke,  .... 

97-32 

0-49 

2-17 

8009 

2761 

(For  the  principles  of  smoke  prevention,  and  other  particulars  of  the 
chemistry  of  fuel,  see  Coal.) 
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324.  Although  It  IS  impossible  to  propose  a  definition  of  the  term 
or(jamc  substance  which  shall  not  be  applicable  to  some  of  the  substances 
commonly  regarded  as  inorganic,  it  is  found  advantageous  for  the  pui-poses 
ot  study  to  treat  organic  chemistry  as  a  separate  division  of  the  science 
deahng  especiaUy  with  those  substances  which  are  usuaUy  obtained' 
either  directly  or  indirectly,  from  animals  and  vegetables.  ' 

•  important  distinction  between  organic  and  inorganic  substances 
is,  that  the  former  are  for  the  most  part  composed  of  carbon  hydrogen 
nitrogen,  and  oxygen,  in  different  proportions  and  in  various  modes  of 
arrangement,  and  that  they  are,  therefore,  much  more  frequently  con- 
vertible into  each  other  by  metamorphosis,  without  extraneous  addition 
01  matter,  than  inorganic  substances  are. 

It  has  been  aheady  pointed  out  (p.  83)  that  the  chemist  is  gi-aduaUy 
learning  to  produce,  though  by  somewhat  clumsy  and  circuitous  processes 
many  of  the  substances  which  were  formerly  beHeved  incapable  of  being 
iormed,  except  through  the  intervention  of  life ;  but  no  substance  possess 
mg  an  organised  structure,  such  as  woody  fibre  or  muscular  fibre,  and  no 
absolutely  mdispensable  constituent  of  animal  or  vegetable  frames  if  we 
except  water,  has  yet  been  artificially  procured.  ' 

It  win  not  escape  notice  that  the  four  elements  wliich  compose  the 
greater  number  of  organic  substances,  viz.,  hydrogen,  oxygen,  nitrogen, 
and  carbon,  are,  respectively,  monatomic,  diatomic,  triatomic,  and  tetratomic 
elements  (p.  151),  and  are,  therefore,  capable  of  forming  a  greater  variety 
of  compounds  than  would  be  the  case  if  they  were  elements  of  equal 
atomicities. 

In  the  following  pages,  no  strictly  scientific  classification  of  organic 
substances  has  been  adopted,  since  it  would  often  render  it  necessary  to 
describe,  in  separate  sections,  substances  which  are,  in  nature,  closely  con- 
nected with  each  other,  but  an  empirical  arrangement  has  been  followed, 
so  that  the  reader  may  find  his  memory  assisted  and  the  iaterest  of  the 
subject  sustaiaed,  by  being  enabled  to  bring  the  facts  and  explanations 
into  immediate  connection  with  familiar  processes  of  ordinary  life.* 

One  of  the  most  conspicuous  substances  standing  upon  the  boundary 
between  organic  and  inorganic  chemistry  is  the  compound  of  carbon  and 
nitrogen  known  as  cyanogen,  which  is  intimately  connected  with  inorcranic 
substances  through  some  of  the  processes  for  its  production,  and  throuo^h 
Its  similarity  to  the  chlorine  group  of  elements,  whilst  the  origin  and 

*  The  number  of  organic  siibstimccs  known  to  the  chemist  is  so  creat  tliat  i  m^vn  t 
them  would  occupy  a  volume.    In  the  present  work  a  selection  W  beernrnde  of  ll 
SStL's!"'""'""  '^PP"-«onB  or  instructive"  omtteSLd^ 
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chemical  properties  of  a  large  number  of  its  compounds  give  them 
claim  to  be  ranked  among  organic  substances.  The  study  of  this  su 
stance,  therefore,  will  form  a  lit  introduction  to  organic  chemistry. 


CYANOGEN  AND  ITS  COMPOUNDS. 

325.  In  the  beginning  of  the  last  century,  a  manufacturer  of  colours  at 
Berlin"  accidentally  obtained  a  blue  powder  when  precipitating  sulphate  oi' 
iron  with  potash.    This  substance  was  used  as  a  colour,  under  the  name 
of  Prussian  blue,  for  several  years,  before  any  explanation  of  its  production 
was  attempted,  or  even  before  the  conditions  under  which  it  was  formed 
were  exactly  determined.  In  1824  it  was  shown  that  Prussian  blue  could 
be  prepared  by  calcining,  dried  animal  matters  with  carbonate  of  potash, 
and  mixing  the  aqueous  solution  of  the  calciued  mass,  first  with  sulphate 
of  iron  and  afterwards  with  hydrochloric  acid ;  but  the  most  important  step 
towards  the  determination  of  its  composition  was  made  by  Macquer,  who 
found  that  by  boiling  it  with  an  alkali,  Prussian  blue  was  decomposed, 
yieldmg  a  residue  of  red  oxide  of  iron,  and  a  solution  which  reproduced 
the  blue  when  mixed  with  a  salt  of  iron,  from  which  he  inferred  that  the 
colour  was  a  compound  of  the  oxide  of  iron  with  an  acid  for  which  the 
alkali  had  a  more  powerful  attraction,— a  beUef  confirmed,  m  1/82,  by 
Scheele's  observation,  that  when  an  alkaline  solution  prepared  for  mak- 
m<y  the  blue  was  exposed  to  the  air,  or  to  the  action  of  carbomc  acid,  it 
lost  the  power  of  furnishing  the  colour,  but  the  escaping  Vapour  struck  a 
blue  on  paper  impregnated  with  oxide  of  iron.  Scheele  also  prepared  this 
acid  in  a  pure  state,  and  it  soon  after  obtaiued  the  name  ofj^russie  acid. 

In  1787  BerthoUet  found  prussic  acid  to  be  composed  of  carbon, 
hydrogen,  and  nitrogen,  but  he  also  showed  that  the  power  of  the  alka- 
line liquor  to  produce  Prussian  blue  depended  upon  the  presence  of  a 
yellow  salt  crystallising  in  octahedi-a,  and  containing  prussic  acid,  potash, 
and  oxide  of  iron,  though  the  latter  was  so  intimately  bound  up  with  the 
other  constituents,  that  it  could  not  be  separated  by  those  substances 
which  are  usually  employed  to  precipitate  iron. 

Porrett,  in  1814,  applymg  the  greatly  increased  resom-ces  of  chemistry 
to  the  investigation  of  this  subject,  decomposed  Prussian  blue  with  baryta, 
and  subsequently  removed  the  baryta  from  the  salt  thus  obtamecL  by 
means  of  sulphmic  acid,  when  he  obtained  a  solution  of  the  acid,  which 
he  named  ferrurettecl  chyazic  acid.  ' 

In  1815,  Gay-Lussac,  having  boiled  Prussian  blue  (or  prussiate  ot  iron, 
as  it  was  then  called)  with  red  oxide  of  mercury  and  water,  and  crystiil- 
lised  the  so-called  prussiate  of  mercury,  exposed  it,  m  the  dry  state,  to  the 
action  of  heat,  and  obtained  a  gas,  having  the  composition  C,^ ,  wliicli 
was  called  cyanogen;"  in  allusion  to  its  connection  Avitli  Prussian  blue,  it 
was  then  seen  tliat  the  substance  which  had  been  called  ferriu-etted  chyazic 
acid  contained  iron  and  the  elements  of  cyanogen,  whence  it  was  called 
ferrocyanic  acid,  and  its  salts  were  spoken  of  as  ferrocyanates.  Kobiqueti 
first  obtained  this  acid  in  the  crystallised  state,  havmg  the  composition 
C„H,N3Pe;  and  since  it  Avas  found  that,  when  brought  m  contact  wit  i 
metallic  oxides,  it  exchanged  the  H2  for  two  equivalents  of  the  metal, 
according  to  the  equation — 

H,.C„NJe  +  2M0  =  M„.C„N3Pe  +  2H0 


*  From  Kvuveoi,  lihie. 
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it  \yas  concluded  that  tho  C,N.^Fe  composed  a  distinct  group  or  radical, 
wliich  was  named  feirocycmocjen,  the  acid  heing  called  hydrofeirocyunic 
acid,  and  the  salts  ferrocyanides. 

326.  Pmssiate  of  potash.— The  yellow  prussiate  of  potash  or  fer- 
rocyanide  of  potassium  (K^.C^N^Fe  +  3Aq.),  is  manufactured  upon  a 
large  scale  by  a  process  which  is  the  more  interesting  because  it  turns  to 
account  some  of  the  commonest  lands  of  refuse,  such  as  old  leather,  hoof 
parings,  blood,  and,  in  short,  any  animal  matter  rich  in  nitrogen,  and  not 
applicable  to  any  more  economical  piu-pose.  Sometimes  these  substances 
are  first  subjected  to  destructive  distillation  for  the  carbonate  of  ammonia 
wliich  they  are  capable  of  yielding,  and  the  residual  highly  nitrogenised 
charcoal  is  then  used  for  the  production  of  the  ferrocyanide  of  potassium. 
Such  matters  are  fused  in  an  ii'on  vessel  with  carbonate  of  potash  and  iron 
filings,  and  the  fused  mass  is  heated  with  water  in  open  boilers,  when  a 
yellow  solution  is  obtained,  which,  after  evaporation,  deposits  truncated 
pyramidal  crystals  of  ferrocyanide  of  potassium,  containing  3  equivalents 
of  water. 

The  theory  of  this  process  has  been  elucidated  by  the  researches  of 
Liebig.  If  carbonate  of  potash  be  strongly  heated  in  contact  with 
pure  carbon,  there  result  (page  260)  carbonic  oxide  and  potassium, 
KO.CO2  +  Co  =  3C0  +  Kj  but  if  the  carbon  be  associated  with  nitrogen, 
the  reduction  will  be  effected  at  a  much  lower  temperature,  and  the  potas- 
sium will  combine  with  2  equivalents  of  carbon  and  1  equivalent  of 
nitrogen,  to  form  the  cyanide  of  potassium  (KCglSr).  When  this  salt,  dis- 
solved in  water,  is  heated  with  metallic  iron  in  the  presence  of  air,  oxygen 
is  absorbed,  and  the  iron  dissolved  to  form  ferrocyanide  of  potassiiun— 

ZKG^  4-  Fe  +  0  =  K,.  03^3^6  +  KO. 

The  oxygen  may  also  be  acquired  from  the  water,  an  equivalent  quantity 
of  hydrogen  being  evolved. 

Prussian  blue. — For  the  preparation  of  Prussian  blue  it  is  usual  to 
mix  solutions  of  feri-ocyanide  of  potassium  and  persulphate  of  iron,  when 
the  blue  is  precipitated,  having  been  produced  according  to  the  equation — '- 

3K,Fcy  +  2(Fe,03.3S03)  =  6(K0'.  SO3)  -f  Fe.Fcy, 

Ferrocyanide 

of  potassium.  Prussian  blue. 

in  which  the  symbol  Fey  represents  the  group  C„N'3Fe  {ferrocyanogen), 
which  is  capable  of  playing  the  same  part  in  many  decompositions  as  if 
it  were  an  elementary  substance.  This  compoimd  radical  has  never  yet 
been  obtained  in  the  separate  state,  but  it  can  be  traced  through  a  com- 
plete series  of  compounds,  in  which  it  exactly  resembles  chlorine  in  its 
chemical  relations  ;  thus  the  liydroferrocyanic  acid  (H.Fcy),  and  the  fer- 
rocyanides of  the  metals  (MJ-i'cy),  are  perfectly  analogous  to  hydrochloric 
acid  and  the  chlorides,  though  containing  a  compound  radical  instead  of  a 
simple  one ;  but  whereas  chlorine  is  a  monobasic  or  monatomic  radical 
combining  only  with  1  equivalent  of  hydrogen  or  a  metal,  ferrocyanogen 
is  bibasic  or  di-atomic  :  and  hence  Prussian  blue,  the  sesquiferrocyamdt  of 
iron,  corresponding  to  the  scsquioxide  (Fe.,03),  has  tlie  composition 
Fe.Fcy^,  whilst  the  sesquichloride  is  Fe^CLj.  When  Pnissian  blue  is  pre- 
pared by  pouring  solution  of  ])ersulphate  of  ifon  into  an  excess  of  ferro- 
cyanide of  potassium,  it  is  found  that,  as  soon  as  tlie  excess  of  the  latter 
Halt  has  been  washed  aAvay,  the  precipitate  dissolves  in  pure  water  form 
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ing  what  is  used  by  dyers  under  the  name  of  soluble  Prussian  him.  Oxalic 
acid  is  capable  of  dissolving  the  blue,  and  this  solution  forms  the  basis  of 
ordinary  blue  ink. 

Prussian  blue  is  sometimes  prepared  with  the  green  protosulphate  of 
iron  (FeO .  SO3),  but  in  that  case  it  is  necessary  to  expose  the  precipitate 
for  some  time  to  the  air,  since  the  first  result  is  a  nearly  white  precipitate, 
which  may  be  regarded  as  a  double  ferrocyanide  of  iron  and  potassium 
(IC,Fcy,Fe,Fcy). 

2(K,Fcy)  +  2(FeO.S03)  =  2(KO.S03)  +  Ji^Fcy,  Fe^Fcy  . 
When  this  precipitate  is  exposed  to  the  air,  it  gradually  acquires  a  dark-blue 
colour,  becoming  eventually  converted  into  Prussian  blue  by  oxidation — 

3(K,Fcy.Fe,Fcy)  +  03  =  3K,Fcy  +  Fe^Oj  +  Fe.Fcy, . 

Prussian  blue  is  easily  decomposed  by  alkalies,  a  brown  residue  of 
sesquioxide  of  iron  being  left,  Fe.Fcyj  +  6K0  =  3K,Fcy  +  2Fe,03. 
This  decomposition  is  turned  to  account  by  the  calico-printer  for  pro- 
ducing a  buff  or  white  pattern  upon  a  blue  ground.  The  stuff  having 
been  dyed  blue  by  passing,  first  through  a  solution  of  a  per-salt  of  iron, 
and  afterwards  through  one  of  ferrocyanide  of  potassium,  the  pattern  is 
discharged  by  an  alkali,  which  leaves  the  brown  peroxide  of  iron  capable 
of  being  removed  by  a  dilute  acid,  when  the  stuff  has  been  rinsed,  so  as  to 
leave  the  design  wliite. 

Hydroferrocyanic  acid. — By  decomposing  a  cold  saturated  solution  of  the 
ferrocyanide  of  potassium  with  about  an  equal  volume  of  hydrochloric  acid, 
colourless  crystals  of  hydroferrocyanic  acid  (HgFcy)  are  obtained,  which 
are  insoluble  in  hydrochloric  acid,  but  readily  soluble  in  water.  When  a 
solution  of  this  acid  is  heated,  it  evolves  hydrocyanic  acid  (HC2N"),  and 
deposits  a  white  precipitate  of  cyanide  of  iron  (FeC2lSr),  which  becomes 
blue  on  exposure  to  the  air,  being  converted  into  Prussian  blue ;  the 
simplest  way  of  explaining  this,  as  well  as  many  other  decompositions  of 
hydroferrocyanic  acid  and  the  ferrocyanides,  is  to  view  the  radical  fer- 
rocyanogen  as  formed  by  the  union  of  three  equivalents  of  cyanogen 
(CjN")  and  one  equivalent  of  iron,  when  hydroferrocyanic  acid  becomes 
H, .  Cy3Fe,  and  Prussian  blue  Fe^ .  3Cy3Fe.* 

The  decomposition  of  the  hydroferrocyanic  acid  by  heat  would  then  be 
represented  by  the  equation — 

H^.CyjFe    =    2HCy    -t-  FeCy 

Hydroferrocyanic  Hydrocyanic  Protocyanide 

acid.  acid.  of  iron. 

and  the  formation  of  Prussian  blue  from  this  last  compound  on  exposure 
to  air — 

9FeCy    +    03    =    Fe,.  3Cy3Fe    +  Fe,03. 

Prussian  blue. 

Hydrocyanic  or  prussic  acid. — Advantage  is  taken  of  the  decomposition 
of  the  ferrocyanide  of  potassium  by  acids,  in  the  preparation  of  solution 
of  hydrocyanic  acid  for  medicinal  use.  For  this  purpose,  2  parts  of  the 
ferrocyanide  of  potassium  in  powder  are  distUled  with  1^  parts  of  oil  of 
vitriol  diluted  with  2  parts  of  water,  the  vapour  of  hydrocyanic  acid 

•  Sinco  Cy  requires  one  equivalent  of  hydrogen  or  a  metal  to  saturate  its  combining 
power,  Cy^  would  require  three  equivalents,  so  that  Cj'jFe  woidd  still  be  capable  of  receiving 
two  equivalents  of  a  metal,  and  hence  the  ferrocyanide  of  potassium  is  CyjFe.  K,.  In 
Prussian  blue  the  four  equivalents  of  iron  represent  six  equivalents  of  hj-drogcn  or  potas- 
sium, exactly  as  in  2FejCl,  or  Fe,Cl,. 
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being  cavofully  condensed  (see  fig.  45).  The  change  is  represented  by 
the  equation — 

2K,(Cy3ro)  +  3(H0.S0J  =  3(K0 .  SO3)  +  Kre(Cy3Fe)  +  3HCy. 

Fen-oeyaiiido  of  Ferrocyaniae  of  Ilydroeyanic 

potassium.  Iron  and  potassium.  acid. 

There  is  left  in.  the  retort  a  pale  greenish  salt,  which  rapidly  becomes  blue 
when  exposed  to  the  air,  and  is  probably  identical  with  the  double  fer- 
rocyanide  of  potassium  and  iron  produced  when  protosulphate  of  iron  is 
decomposed  by  ferrocyanide  of  potassium  (p.  438). 

The  solution  of  hydrocyanic  acid  thus  obtained  is  colourless,  and 
exhales  the  remarkable  odour  of  the  acid ;  its  acid  characters  are  very 
feeble  indeed,  even  more  so  than  those  of  carbonic  acid,  but  it  is  extremely 
poisonous,  a  very  small  dose  destroying  life  almost  immediately.  Hydro- 
cyanic acid  is  found  in  laurel-water,  and  in  water  distilled  from  the  kernels 
of  many  stone-fruits,  such  as  the  peach,  apricot,  plum.  In  minute  doses 
hych'ocyanic  acid  is  a  very  valuable  remedy,  and  is  employed  in  medicine 
in  solutions  of  different  strengths.  One  of  these,  which  is  known  as  the 
acid  of  the  London  Pharmacopoeia,  contains  2  per  cent,  of  hydrocyanic 
acid,  and  is  prepared  by  the  process  mentioned  above.  Scheeh's  acid 
varies  in  strength,  but  usually  contains  between  4  and  5  per  cent,  of  true 
hydrocyanic  acid.  This  acid  is  prepared  from  Prussian  blue,  by  the 
process  originally  employed  by  Scheele  when  the  acid  was  discovered. 
It  consists  in  boiling  Prussian  blue  with  water  and  red  oxide  of  mercury, 
until  the  blue  colour  disappears;  peroxide  of  iron  is  separated,  and 
cyanide  of  mercury  (HgCy)  passes  into  solution;  the  latter  is  filtered, 
mixed  with  diluted  sulphuric  acid,  and  shaken  with  iron-filings,  which 
precipitate  the  mercury  in  the  metallic  state,  leaving  free  hydrocyanic 
acid  in  the  liquid,  which  is  then  distilled — 

HgCy  +  Ye  +  HO.SO3  =  HCy  +  FeO .  SO3  +  Hg. 

In  order  clearly  to  understand  this  process,  it  must  be  known  that  the 
mercury  exhibits  a  special  tendency  to  combine  with  cyanogen,  which  is 
sufficiently  powerful,  in  this  instance,  to  bring  about  the  decomposition 
of  the  ferrocyanogen  existing  in  the  Prussian  blue,  a  part  of  the  cyanogen 
being  exchanged  for  the  oxygen  of  the  oxide  of  mercury. 

It  is  from  the  cyanide  of  mercury  that  the  pure  anhydrous  hydrocyanic 
acid  and  cyanogen  itself  are  prepared.  For  these  purposes,  it  may  be  ob- 
tained by  dissolving  the  red  oxide  of  mercury  in  hydrocyanic  acid,  when 
a  double  decomposition  takes  place,  exactly  as  with  hydrochloric  acid, 
HgO  +  HCy  =  HgCy  +  HO,  and  the  cyanide  of  mercury  is  ob- 
tained in  square  prismatic  crystals  on  evaporating  the  solution.  If 
these  crystals  be  dried  and  gently  warmed  with  strong  hydrochloric 
acid,  chloride  of  mercury  will  be  formed,  and  hydrocyanic  acid  evolved, 
HgCy  H-  HCl  =  HgCl  -f  HCy.  The  mixed  vapours  of  hydrochloric  and 
hydrocvanic  acid  are  passed  over  fragments  of  marble  (CaO  .  COJ,  whicli 
absorb  the  hydrocMoric  acid  (CaO.  CO2  +  HCl  =  CaCl  +  HO  -1-  Coj, 
but  not  the  hydrocyanic,  since  the  latter  is  too  weak  an  acid  even  to 
displace  carbonic  acid.  The  mixture  of  hydrocyanic  and  carbonic  acids 
is  passed  over  chloride  of  calcium  to  remove  aqiieous  vapour,  and  after- 
wards through  a  tube  cooled  in  a  mixture  of  ice  and  salt,  when  the 
hydrocyanic  acid  is  condensed  to  a  colourless  liquid,  which  evaporates 
so  rapidly  when  exposed  to  the  air  that  it  lowers  tlio  temperature  to 
the  freezing  point  of  the  acid,  which  is  about  0°  F. ;  at  a  little 
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above  the  ordinary  temperature  (79°  F.)  it  boils,  and  emits  a  vapour 
which  burns  with  a  blue  flame.  When  kept  for  some  time  it  is  liable 
to  undergo  a  spontaneous  decomposition,  evolving  ammonia,  and  being 
converted  into  a  brown  mass  of  uncertain  composition.  The  aqueous 
solution  of  the  acid  suffers  a  similar  change,  and  since  exposure  to  light 
favours,  the  decomposition,  the  medicinal  acid  is  usually  kept  in  bottles 
covered  with  paper.  The  presence  of  a  very  small  quantity  of  sulphuric 
acid  prevents  this  change,  and  hence  the  acid  prepared  bj'  distilling 
ferrocyanide  of  potassium  with  sulphuric  acid,  which  usually  contains 
traces  of  the  latter,  can  be  preserved  much  better  than  that  prepared  by 
other  methods. 

When  hydriodic  acid  gas  is  passed  into  anhydrous  hydrocyanic  acid  cooled  by  ice, 
a  crystalline  body  is  formed,  which  has  the  composition  HCjN  .  HI.  It  is  readily 
soluble  in  water  and  alcohol,  but  not  in  ether,  and  may  be  sublimed  with  little  decom- 
position. This  substance  is  not  acid,  and  does  not  answer  to  the  tests  for  hydrocyanic 
acid.  When  decomposed  by  potash,  it  gives  ammonia,  formiate  of  potash,  and  iodide 
of  potassium,  so  that  it  may  be  regarded  as  the  hydriodate  of  an  ammonia  formed 
by  the  substitution  of  one  equivalent  of  the  triatomic  radical  formyle  (CjH)  for  the 
three  equivalents  of  hydrogen ;  or  hydriodate  of  formylamine  N(C2H)"' .  HI. 

327.  Cyanogen  itself  (CjN)  can  be  prepared  by  the  mere  action  of  heat 
upon  the  cyanide  of  mercury  (in  a  test-tube  j)rovided  with  a  glass  jet  for 
burning  the  gas,  fig.  266).    This  salt  resolves  itself  into  metallic  mercmy, 

cyanogen,  and  a  brown  substance  which  has  been 
called  paraeyanogen  (CgNg),  and  appears  to  have 
been  formed  by  the  union  of  three  equivalents 
of  cyanogen.  Cyanogen  gas  is  easily  distin.- 
guished  from  all  others  by  its  peculiar  odour  and 
its  property  of  burning  with  a  fine  peach-coloured 
flame.  Being  nearly  twice  as  heavy  as  air  (sp.  gr. 
1  "8),  it  may  be  collected  by  downward  displace- 
ment, for  water  dissolves  about  four  times  its 
volume  of  the  gas,  yielding  a  solution  which  is 
prone  to  undergo  a  spontaneous  decomiDosition 
Fig.  266.  remarkable  for  the  comparatively  complex  pro- 

ducts which  it  furnishes,  amongst  which  we  trace 
the  oxalate  (NH^O .  G^O^  and  formiate  (NH^O .  C2HO3)  of  ammonia,  and 
urea  (C^H^NjO.J,  all  derived,  be  it  remembered,  from  the  elements  of 
cyanogen  and  water.  In  its  chemical  relations  cyanogen  presents  a  striking 
resemblance  to  chlorine.  Thus,  at  a  shghtly  elevated  temperatm-e,  potas- 
sium and  sodium  take  fire  in  it,  forming  the  cyanides  of  those  metals 
precisely  as  the  chlorides  would  be  formed.  Agaiu,  when  cyanogen  is 
absorbed  by  a  solution  of  potash,  the  cyanide  of  potassium  and  cyanate  of 
potash  are  formed — 

2K0    +    Cy,    =    KO.CyO    +  KCy 

cyanate  of  potash.  ^y^^^^_ 

just  as  the  chloride  of  potassium  and  hypochlorite  of  potash  result  from  the 
action  of  chlorine  upon  potash,  2K0  +  Clj  =  KO .  UIO  -f  KCl .  A  pres- 
sure of  about  4  atmospheres  is  requii-ed  to  liquefy  cyanogen,  when  it  forms 
a  colourless  liquid  of  sp.  gr.  0-87,  freezing  to  a  crystalline  mass  at  -  30°  F. 

Cyanide  of  x^tasbium. — The  most  useful  of  the  cyanides  is  the  cyanide 
of  potassium,  which  is  extensively  employed  in  electro-plating  and  gilding. 

This  salt  may  be  formed  by  a  very  interesting  process,  which  is  one  of 
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the  few  ill  wliich  the  atmospheric  nitrogen  takes  part,  and  consists  in 
passing  ail-  over  red-hot  chai-coal  which  has  been  previously  soaked  in  a 
strong  sohition  of  carbonate  of  potash  and  dried,  when  the  nitrogen  requi- 
site for  the  formation  of  the  cyanide  is  absorbed  fi-om  the  air,  and  carbonic 
oxide  is  disengaged — 

KO.CO^    +    C,    +    N   =    KC,N    +  SCO. 

Cyanide  of  potassium. 

It  is  probably  by  a  similar  change  that  the  cyanide  of  potassium  is  pro- 
duced in  the  blast-furnaces  (page  305)  iu  which  iron  ores  are  reduced, 
the  potash  being  derived  from  the  ash  of  the  fuel.  The  cyanide  is  always 
prepared  for  use  fi'om  the  ferrocyanide,  which  is  resolved  by  a  very  high 
teniperatui-e  into  cyanide  of  potassium  and  carbide  of  iron,  with  evolution 
of  nitrogen — 

K^CygFe    =    2KCy    +    FeC,    +  N. 

Fen-ocyanide  Cyanide  of 

of  potassium.  potassium. 

In  order  to  avoid  the  loss  of  the  third  equivalent  of  cyanogen,  it  is  usual 
to  fuse  the  ferrocyanide  with  carbonate  of  potash  in  the  proportion  of  3 
parts  of  the  dry  carbonate  to  7  parts  of  the  dried  ferrocyanide ;  the  mixture 
is  fused  in  a  covered  earthen  crucible,  and  occasionally  stirred  until  gas 
ceases  to  be  evolved ;  the  crucible  is  then  removed  from  the  fire,  allowed 
to  stand  for  a  minute  or  two  that  the  metallic  iron  may  subside,  and  the 
clear  fused  cyanide  poured  out  on  to  a  stone.  The  change  involved  in  this 
process  is  represented  by  the  following  equation — 

2K,Cy,Fe  +  2(K0.C0,)      SKCy  +  KO .  CyO  +  Fe,  +  2C0, 

Cyanate  of  potash. 

whence  it  wiU  be  seen  that  the  commercial  cyanide  of  potassium  is  con- 
taminated with  cyanate  of  potash.  It  also  contains  a  considerable  quan- 
tity of  carbonate  of  potash,  so  that  the  proportion  of  cyanide  is  often  only 
60  per  cent.  The  white  porcelaiu-like  masses  of  cyanide  of  potassium 
deliquesce  when  exposed  to  the  air,  and  emit  the  odour  of  hydrocyanic  acid 
as  weU  as  that  of  ammonia ;  the  former  is  disengaged  from  the  cyanide  by 
the  action  of  the  atmospheric  carbonic  acid,  whilst  the  ammoniacal  odour 
is  due  to  the  carbonate  of  ammonia  produced  by  the  action  of  moisture 
upon  the  cyanate  of  potash— 

KO.CgNO    +    4H0    =    KO.CO2    +  NKO.CO,. 

Cyanate  of  potash. 

Pure  cyanide  of  potassium  is  deposited  in  colourless  cubical  crystals 
when  vapour  of  hydrocyanic  acid  is  passed  into  an  alcoholic  solution  of 
potash,  or  it  may  be  obtained  by  boiling  the  commercial  cyanide  with 
alcohol  and  filtering  while  hot,  when  the  cyanide  crystallises  out  as  the 
solution  cools. 

The  use  of  cyanide  of  potassium  in  electroplating  and  gilding  depends 
upon  the  power  of  a  solution  of  the  salt  to  dissolve  the  cyanides  of  crold 
and  silver,  forming  compoimds  wliich  are  easily  decomposed  by  the  'gal- 
vanic current,  with  deposition  of  metallic  gold  or  silver  upon  any  object 
capable  of  conducting  the  ciirfent,  which  may  be  attached  to  the  negative 
pole  (p.  363).  Solution  of  cyanide  of  potassiiun  is  also  able  to  dissolve 
metallic  .silver  and  sulphide  of  silver,  which  is  taken  advantage  of  in 
removing  photographic  stains  from  the  hands  and  in  cleaning  silver  or 
gold  lace.  * 
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At  a  Mgli  temperature,  cyanide  of  potasBium  is  a  very  powerful  rerlucing 
agent,  abstracting  two  eciuivalents  of  oxygen  from  most  of  the  metallic 
oxides,  so  as  to  liberate  the  metals,  being  itself  converted  into  cyanate  of 
potash  Thus,  when  the  binoxide  of  tin  is  fused  with  cyanide  of  potas- 
sium, SnO,  +  KCy  =  Sn  +  KO .  CyO.  This  property  of  the  cyanide 
is  often  applied  in  chemical  experiments.  The  cyanate  of  potash  is  readily 
distinguished  by  the  peculiar  pungent  odour  of  cyanic  acid,  which  it  emits 
when  "treated  with  dilute  sulphuric  acid,  though  the  greater  part  of  the 
cyanic  acid  is  decomposed  with  effervescence,  yielding  sulphate  of  ammonia 
and  carbonic  acid — 

KO.C,NO  +  2(HO.S03)+  2H0  =  KO.SO3  +  NH.O.SO,  +  2C0, . 

"When  fused  cyanate  of  potash  is  triturated  with  dried  oxalic  acid,  and 
the  mass  treated  with  water,  a  white  iasoluble  substance  is  left,  which  has 
been  called  CAjamelide,  and  has  the  composition  C.HlSrO^,  being  metameric 
with  hydrated  cyanic  acid,  HO  .  C^NO ;  when  this  substance  is  distilled, 
hydrated  cyanic  acid  passes  over  as  a  colourless  liquid,  which  can  only  be 
preserved  at  a  very  low  temperature,  for  if  the  receiver  containing  it  be 
removed  from  the  freezing  mixture  employed  to  condense  the  cyanic  acid, 
the  latter  becomes  hot  and  turbid,  soon  begins  to  boil  violently,  and  is 
converted  into  a  white  mass  of  cyamelide  resembling  porcelain. 

Cyanide  of  potassium  when  fused  with  sulphur,  forms  a  compound  cor- 
responding to  cyanate  of  potash,  but  containing  sulphur  in  place  of 
oxygen,  and  having  the  formula  KS,  CyS,  which  is  commonly  spoken  of 
as  sulpliorAjanide  of  potassium,  being  represented  as  containing  a  com- 
pound radical,  suliohocyanocjen  CyS,  =  Scy.  The  sulphocyanide  of  potas- 
sium is  generally  prepared  by  fusing  3  parts  of  dried  ferrocyanide  _  of 
potassium  and  1  part  of  carbonate  of  potash  (the  materials  for  making 
cyanide  of  potassium)  with  2  parts  of  sulphur,  in  a  covered  crucible.^  By 
washing  the  cooled  mass  with  boiling  water,  the  sulphocyanide  _  is  ex- 
tracted, and  may  be  obtained  by  evaporating  the  solution,_in  prismatic 
crystals  resembling  nitre.  By  decomposing  the  sulphocyanide  of  potas- 
sium with  acetate  of  lead,  the  sulphocyanide  of  lead  (PbCyS,)  is  obtained, 
and  this,  when  acted  upon  with  sulphuretted  hydrogen,  yields  sulphide 
of  lead  and  lujdrosulphocyanic  acid,  HCyS^,  the  latter  being  a  colourless 
oily  liquid  which  may  be  crystallised  by  cold.  Tliis  acid  is  remarkable 
for  the  dark  red  colour  (due  to  sulphocyanide  of  iron)  wliich  it  gives  with 
the  per-salts  of  iron,  for  which  sulphocyanide  of  potassium  is  frequently 
employed  as  a  test.  A  very  delicate  test  (Liebig's  test)  for  hydrocyanic 
acid  in  cases  of  poisoning  is  also  founded  upon  that  circumstance,  for  if  a 
watch-glass  moistened  with  yellow  sulphide  of  ammonium  (p.  272)  be 
exposed  to  the  action  of  vapour  of  hydrocyanic  acid,  the  latter  is  absorbed 
and  converted  into  sulphocyanide  of  ammonium — 

NH,S    +  +    HCy    =    NH.CyS,    -f  HS 

Yellow  sulpliida  Siilphocyanido 
of  ammoiiiuiti.  of  ammouium. 

by  applying  a  gentle  heat  to  the  watch-glass,  any  excess  of  sulphide  of 
ammonium  is  volatilised,  and  a  drop  of  perchloride  of  iron  will  then  give 
the  blood-red  colour  with  the  sulphocyanide. 

_  328.  Ferricyanide  nf  potassium. — When  clilorinc  is  passed  into  a  solu- 
tion of  ferrocyanide  of  potassium,  the  liquid  assumes  a  bro^\^^  colour,  and, 
when  evaporated,  deposits  beautiful  red  rhombic  prisms,  which  are  found, 
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on  analysis,  to  have  the  composition  K3Cy„Fe2,  liaving  been  formed  from 
the  ferrocyanide  according  to  the  equation — 

2K,Cy3Fe    +    CI    =    KjCy^Fe,     +    KCl  . 

FeiTocyanido  Ferricyanide 
of  potassium.  of  potassium. 

This  salt  is  known  as  red  jmissiate  of  potash,  or  ferricyanide  of  potas- 
sium, and  is  used  in  dyeing;  for  if  a  piece  of  stuff  be  heated  in  a  solution 
of  the  ferricyanide  acidulated  with  acetic  acid,  a  blue  compound  similar 
to  Prussian  blue  is  deposited  in  the  fibre. 

Ferricyanide  of  potassium  is  also  employed  for  the  preparation  of  Turn- 
huWs  blue  (ferricyanide  of  iron),  which  is  precipitated  when  a  solution  of 
that  salt  is  mixed  with  one  of  sulphate  of  iron. 
3(FeO.S03)     +    K3(Cy,FeJ     =     3(K0 .  SO3)     +    Fe3(Cy,Fe,)  . 

Fen-icyanide  Ferricyanide 
of  potassium.  of  iron. 

In  calico-printing,  a  mixture  of  the  ferricyanide  of  potassium  with  potash 
IS  employed  as  a  discharge  for  indigo,  such  a  mixture  acting  as  a  powerful 
bleaching  agent,  in  consequence  of  its  tendency  to  impart  oxygen  to  any 
substance  in  need  of  that  element,  the  ferricyanide  being  converted  into 
the  ferrocyanide ;  thus — 

K3(Cy,Fe,)     +    KO    =     2B;Cy3Fe    -t-     0  . 

Ferricyanide  Ferrocyanide 
of  potassium.  of  potassium. 

The  ferricyanide  of  potassium  is  assumed  to  contain  a  compound  radical, 
fen-icyanocjen  (Cy^FeJ,  which  represents  a  double  equivalent  of  ferro- 
cyanogen  (CygFe).*  The  hydroferricyanic  acid  (HgCy^Fe^)  can  be  obtained 
in  a  crystallised  state,  and  many  of  the  corresponding  ferricyanides  have 
been  examined, 

Ferrocyanogen  and  ferricyanogen  are  not  the  only  compound  radicals  of 
this  description;  there  are  cohalticyanogen  (Cjfio.,),  manganicyanogen 
(Cy^Mnj),  chromicijanogen  (Cy.Cr,),  platinocijanogen  (Cy^Pt),  palladio- 
cyanogen  (Cy^Pd),  and  iridiocyanogen  (Cy^Ir),  but  none  of  these  have 
received  any  useful  applications.  The  platinocyanides  are  remarkable  for 
their  brilliant  colours. 

329.  Chlorides  of  cyanogen. — When  moist  cyanide  of  mercury  is  shaken 
up  in  a  bottle  of  chlorine  gas,  and  set  aside  for  some  time  in  a  dark  place, 
the  yellow  colour  of  the  chlorine  disappears,  and  the  bottle  is  filled  Avith 
a  colourless  gas  having  a  remarkably  pungent  and  tear-exciting  odour ;  this 
is  the  gaseous  chloride  of  cyanogen  (CyCl) ;  HgCy  +  C\  =  HgCl  +  CyCl. 
If  hght  have  access  during  this  experiment,  an  oily  liquid  chloride  of 
cyanogen,  Cy2Cl2,  is  produced. 

The  chloride  of  cyanogen  gas  may  be  liquefied  by  a  pressure  of  four 
atmospheres,  and  if  the  liquid  is  kept  for  some  days  in  a  sealed  tube,  it  is 
converted  into  a  white  mass  of  i^oUd  chloride  of  cyanogen,  Cj^Gl.^.  Wlien 
this  is  acted  on  by  water,  it  yields  cy anuria  acid,  3110  .  Cy.,63,  according 
to  the  equation  CyaCla  +  6110  =  3HC1  +  3HO.Cy303.  This  acid 
is  very  interesting  on  account  of  its  polymeric  relation  to  cyanic  acid 
(HO  .  CyO),  which  may  be  obtained  from  it  by  distillation.  It  is  a 
tribasic  acid,  and  forms,  like  tribasic  pliosplioric  acid  (p.  232),  tlirco 
scries  of  salts,  having  the  formidso,  respectively —  ' 
SMO  .  CygOg,  2M0  .  HO .  CygOg,  and  MO  .  2H0  .  Cy^Og. 

*  The  Foj  contained  in  fcrricjanogen  are  equivalent  to  H,  or  K   as  in  Pp  pi  i, 
the  Cy.Fe,  requires  only  H,  or  K,  to  corapJetc  the  saturation  of  tlic  dy„.  "   °'  ''''' 
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The  cyanide  of  phosjjhorus,  PCyj,  has  been  sublimed  in  tabular  crystals 
from  a  mixture  of  cyanide  of  silver  and  terchloride  of  pbospborus  heated 
in  a  sealed  tube  to  280°  F.  for  some  hours,  and  afterwards  distilled  in  a 
current  of  dry  carbonic  acid.  Cyanide  of  phosphorus  inflames  at  a  very 
low  temperature,  and  is  decomposed  by  water,  yielding  cyanic  and  phos- 
phorous acids. 

330.  Nitroprussides. — Whien  ferrocyanide  of  potassium  is  boiled  with 
dilute  nitric  acid,  a  point  is  attained  at  which  the  solution  gives  a  slate- 
coloured  precipitate  with  a  per-salt  of  iron ;  if  it  be  then  boiled  with  an 
excess  of  carbonate  of  soda,  filtered,  and  evaporated,  it  deposits  ruby-red 
prismatic  crystals  of  nitropmsside  of  sodium  (JSTa^,  CysNOaFe^-f- 4Aq.), 
from  wliich  the  nitroprussides  of  other  metals  may  be  obtained. 

The  Jiydroidtroprussic  acid  (H^,  CysNOaFej  +  2Aq.)  has  also  been  pre- 
pared and  crystallised. 

The  nitroprussides  have  been  recently  proved  by  the  late  Mr  Hadow  to  be 
formed  from  the  ferricyanides  by  the  exchange  of  one  equivalent  of  cyanogen 
for  an  equivalent  of  nitrous  acid  (NO3),  and  the  simultaneous  removal  of 
an  equivalent  of  the  metal  with  which  the  ferricyanogen  was  combined. 
Thus  ferricyanide  of  potassium,  K3 .  Cj^'Fe^,  becomes  nitroprusside  of  potas- 
sium, K2.  CygNOgEe.^,  when  boiled  with  nitric  acid,  other  products  being 
formed  at  the  same  time  by  the  oxidising  action  of  the  nitric  acid. 

Based  upon  this  view  of  its  constitution,  a  more  certain  and  economical 
process  for  the  production  of  nitroprusside  of  sodium  was  devised  by 
Hadow,  which  consists  in  acting  upon  the  ferricyanide  of  potassium  with 
nitrite  of  soda,  acetic  acid,  and  chloride  of  mercury  (coiTosive  sublimate), 
when  the.  mercury  removes  an  equivalent  of  cyanogen,  and  the  chlorine  an 
equivalent  of  potassium,  the  nitrous  acid  of  the  nitrite  of  soda  entering 
into  the  residue  of  the  ferricyanide,  and  converting  it  into  nitroprusside  of 
potassium,  which,  by  double  decomposition  with  the  acetate  of  soda,  yields 
acetate  of  potash  and  nitroprusside  of  sodium.  The  cyanide  of  mercury 
crystallises  out  first,  and  the  nitroprusside  of  sodium  may  be  obtained  in 
crystals  from  the  evaporated  solution. 

The  nitroprusside  of  sodium  is  used  as  a  test  for  the  alkaline  sulphides, 
with  a  very  sKght  trace  of  which  it  gives  a  magnificent  purple  colour. 
Thus,  an  inch  or  two  of  human  hair,  fused  with  carbonate  of  soda  before 
the  blowpipe,  will  yield  sufi&cient  sulphide  of  sodium  to  strike  a  purple 
tint  with  the  nitroprusside. 

331.  The  fulminates. — The  violently  explosive  compound  known  as 
fidminate  of  mercury,  which  is  so  largely  employed  for  the  manufacture  of 
percussion  caps,  is  connected  with  the  series  of  cyanogen  compounds. 

Preparation  of  fulmi?iate  of  mercury. — This  substance  is  prepared  by 
the  action  of  alcohol  upon  a  solution  of  mercury  in  excess  of  nitric  acid ; 
and  as  this  action  is  of  a  violent  character,  some  care  is  necessary  in  order 
to  avoid  an  explosion.  On  a  small  scale,  the  fidminate  may  be  obtained 
without  any  risk  by  strictly  attending  to  the  foUo-wong  prescription  :— 

Weigh  out,  in  a  watch-glass,  25  grains  of  mercury,  transfer  it  to  a  half-pint 
beaker,  add  lialf  an  ounce  (measured)  of  ordinary  concentrated  nitric  acid  (sp.  gr- 
1-42),  and  apply  a  gentle  heat.  As  soon  as  the  last  particle  of  mercury  is  dis- 
solved, place  tlio  beaker  upon  Iho  table,  away  from  any  flame,  and  poiir  into  it, 
pretty  quicldy,  at  arm's  length,  6  measured  dracbms  of  alcohol  (sp.  gr.  0-87).  \  cry 
brisk  action  will  ensue,  and  the  solution  will  become  turbid  from  the  separation  01 
crystals  of  tlie  fulminate,  at  the  same  time  evolving  very  dense  white  clouds,  which 
have  an  agreeable  odour,  due  to  the  presence  of  nitrous  ether,  aldehyde,  and  other 
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products  of  the  action  of  nitric  acid  upon  alcohol.  The  lieavy  character  of  these 
clouds  is  causLHl  by  the  presence  of  mercury,  though  in  what  form  lias  not  been 
ascertained  ;  much  nitrous  oxide  and  hydrocyanic  acid  are  evolved  at  the  same 
time.  When  the  action  has  subsided,  the  beaker  may  be  filled  with  water,  the  ful- 
minate allowed  to  settle,  and  the  acid  liquid  poured  off.  The  fulminate  is  then 
collected  on  a  filter,  washed  with  water  as  long  as  the  washings  taste  acid,  and  dried 
by  exposure  to  air. 

The  chemical  change  involved  in  the  preparation  of  the  fulminate  is 
comjplicated  by  the  formation  of  the  secondary  products  of  the  action  of 
nitric  acid  upon  alcohol,  but  if  these  be  left  out  of  consideration,  a  clear 
idea  of  the  reaction  may  be  obtained. 

The  fulminate  of  mercury  is  found,  on  analysis,  to  contain  mercury, 
carbon,  nitrogen,  and  oxygen  in  proportions  corresponding  to  the  formula 
HgCjIfOj ;  if  the  mercury  be  supposed  to  exist  in  the  state  of  oxide,  into 
which  it  would  have  been  converted  by  the  nitric  acid,  tliis  formula  might 
be  written  HgO .  The  formula  for  alcohol  is  CJI^O^,  and  if 

the  above  expression  for  fulminate  of  mercury  be  doubled,  it  becomes 
2HgO  .  CjlSr.Oj,  and  appears  to  be  derivable  from  alcohol  by  the  exchange 
of  Hg  for  ISTj,  and  the  addition  of  2HgO.  It  has  been  remarked  (p.  133) 
that  the  action  of  nitrous  acid  (NO3)  upon  organic  substances  frequently 
results  in  the  removal  of  H3  from  the  substance  in  the  form  of  3H0 ;  and 
it  may  be  supposed  that  this  acid,  resulting  from  the  de-oxidation  of  the 
nitric  acid  by  one  portion  of  the  alcohol,  has  acted  upon  another  portion 
so  as  to  eliminate  the  whole  of  its  hydrogen,  and  to  leave,  in  exchange, 
2  eqs.  of  nitrogen;  thus,  CJI,0,  +  2NO3  =  C,N,0„  +  6H0.  It  is 
evident  that  the  combining  value  of  the  two  atoms  of  triatomic  nitrogen 
is  equal  to  that  of  six  atoms  of  hydrogen.*  The  substance  C^N^Oa?  sup- 
posed to  be  comjaiued  with  the  oxide  of  merciuy  (though  never  obtaiaed 
in  the  separate  state),  has  been  named  fulminic  acid.  The  chemical  con- 
stitution of  the  fulminate  will  be  more  advantageously  discussed  when 
its  properties  have  been  considered. 

Propei-ties  of  fulminate  of  mercury. — This  substance  is  deposited  in 
the  above  process  in  fine  needle-like  crystals,  which  often  have  a  grey 
colour  from  the  accidental  presence  of  a  little  metallic  mercury.  It  may 
be  pitrified  by  boiling  it  with  water,  in  which  it  is  sparingly  soluble,  and 
allowing  the  fulminate  to  crystallise  from  the  filtered  solution.  Very 
moderate  friction  or  percussion  will  cause  it  to  detonate  violently,  so  that 
it  must  be  kept  in  a  corked  bottle  lest  it  should  be  exploded  between  the 
neck  and  the  stopper.  Its  explosion  is  attended  with  a  bright  flash,  and 
\ni\\  grey  fumes  of  metallic  mercury.  The  simplest  equation  to  represent 
the  decomposition  would  be  Hg2C4lSr20^  =  Hgj  -1-  4C0  -f  ;  and  its 
violence  must  be  attributed  to  the  siidden  evolution  of  a  large  volume  of 
gas  and  vapour  from  a  small  volume  of  solid,  for  the  fulminate  of  mercury, 
being  exceedingly  heavy  (sp.  gr.  4 '4),  occupies  a  very  small  space  when 
compared  with  the  gaseous  products  of  its  decomposition,  especially  when 
the  latter  are  expanded  by  the  heat.  The  evolution  of  heat  during  the 
explosion,  apparently  in  contradiction  to  the  rule  that  heat  is  absorbed  in 
decomposition,  must  be  ascribed  to  the  circumstance  tliat  the  heat  evolved 
by  the  oxidation  of  the  carbon  exceeds  that  absorbed  in  the  decomposition 
of  the  fulminate.  A  temperature  of  360°  F.  explodes  fulminate  of  mer- 
cury, and  the  same  result  is  brought  about  by  touching  it  with  a  glass  rod 

•  This  view  in  supported  by  the  circumstanco  that  fulminate  of  silver  is  abundantly 
formed  when  nitrous  acid  is  passed  iuto  an  alcoholic  solution  of  nitrate  of  silver. 
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dipped  in  concentrated  sulpliuric  or  nitric  acid.  The  electric  spark  of 
course  explodes  it. 

Cap  com'posiUon. — The  explosion  of  the  fulminate  of  mercury  is  so 
violent  and  rapid  that  it  is  necessary  to  moderate  it  for  percuBsion-caps. 
Tor  this  purpose  it  is  mixed  with  nitrate  or  chlorate  of  potash,  the 
oxidising  property  of  these  salts  possibly  causing  them  to  be  preferred  to 
any  merely  inactive  substances,  since  it  would  tend  to  increase  the  tem- 
perature of  the  flash  by  burning  the  carbonic  oxide  into  carbonic  acid, 
and  would  thus  ensure  the  ignition  of  the  cartridge.  For  military  caps, 
in  this  country,  chlorate  of  potash  is  always  mixed  with  the  fulminate, 
and  powdered  glass  is  sometimes  added  to  increase  the  sensibility  of  the 
mixture  to  explosion  by  percussion.  Sulphide  of  antimony  is  sometimes 
substituted  for  powdered  glass,  apparently  for  the  purpose  of  lengthening 
the  flash  by  taking  advantage  of  the  powerful  oxidising  action  of  chlorate 
of  potash  upon  that  compound  (p.  157).  Since  the  composition  is  very 
liable  to  explode  under  friction,  it  is  made  in  small  quantities  at  a  time, 
and  without  contact  with  any  hard  substance.  After  a  little  of  the  com- 
position has  been  introduced  into  the  cap,  it  is  made  to  adhere  and  water- 
proofed by  a  drop  of  solution  of  shell-lac  in  spirit  of  wine. 

If  a  thin  train  of  fulminate  of  mercury  be  laid  upon  a  plate,  and  covered,  except 
a  little  at  one  end,  with  gunpowder,  it  will  be  found  on  touching  the  fulminate  with 
a  hot  wire,  that  its  explosion  scatters  the  gunpowder,  but  does  not  inflame  it.  On 
]-epeating  the  experiment  with  a  mixture  of  10  grains  of  the  fulminate  and  15  grains 
of  chlorate  of  potash,  made  upon  paper  with  a  card,  the  explosion  will  be  found  to 
inflame  the  gunpowder. 

By  sprinkling  a  thin  layer  of  the  fulminate  upon  a  glass  plate,  and  firing  it  with 
a  hot  wire,  the  separated  mercury  may  be  made  to  coat  the  glass,  so  as  to  give  it 
all  the  appearance  of  a  looking-glass. 

Although  the  effect  produced  by  the  explosion  of  fulminate  of  mercury 
is  very  violent  in  its  immediate  neighbourhood,  it  is  very  slightly  felt  at 
a  distance,  and  the  sudden  expansion  of  the  gas  will  burst  fiie-arms, 
because  it  does  not  allow  time  for  overcoming  the  inertia  of  the  ball, 
though,  if  the  barrel  escape  destruction,  the  projectile  effect  of  the  fulmi- 
nate is  found  inferior  to  that  of  powder. 

The  fulminate  of  mercury  is  generally  contaminated  with  oxalate  of 
mercury  (HgO .  C2O3),  which  is  one  of  the  secondary  products  formed 
during  its  preparation. 

Fulminate  of  silver  is  prepared  by  a  process  very  similar  to  that  for 
fulmiaate  of  mercmy,  but  since  its  explosive  properties  are  far  more 
violent,  it  is  not  advisable  to  prepare  so  large  a  quantity.  10  grains  of 
pure  silver  are  dissolved,  at  a  gentle  heat,  in  70  minims  of  ordinary  con- 
centrated nitric  acid  (sp.  gr.  1-42)  and  50  minims  of  water.  As  soon  as 
the  silver  is  dissolved,  the  heat  is  removed,  and  200  minims  of  alcohol 
(sp.  gr.  0-87)  are  added.  If  the  action  does  not  commence  after  a  short 
time,  a  very  gentle  heat  may  be  applied  until  effervescence  begins,  when 
the  fulminate  of  silver  will  be  deposited  in  minute  needles,  and  may  be 
further  treated  as  in  the  case  of  fulminate  of  mercury.*  When  dry,_  the 
fidminate  of  silver  must  be  handled  with  the  gi-eatest  caution,  since  it  is 
exploded  far  more  easily  than  the  mercury  salt;  it  should  be  kept  in  small 
quantities  wrapped  up  separately  in  paper,  and  placed  in  a  card-board  box. 

*  Ifthc  nitric  acid  and  alcohol  are  not  of  the  exact  strength  here  prescribed,  it  may  be 
.somewhat  tlillicult  to  start  the  action  unless  two  or  three  drops  of  red  nitric  acid  (contain- 
ing nitrous  acid)  are  added.  Standard  silver  (containing  copper)  may  be  used  for  prepar- 
nig  tlie  fulminate. 
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Notliing  harder  than  paper  should  he  employed  in  manipidating  it.  The 
violence  of  its  explosion  renders  it  useless  for  percussion  caps,  but  it  is 
employed  in  detonating  crackers.  Fulminate  of  silver  is  sparingly  soluble 
in  cold  water,  but  dissolves  in  36  parts  of  boiling  watev. 

If  a  minute  particle  of  fulminate  of  silver  be  placed  upon  a  piece  of  quartz,  and 
gently  pressed  with  the  angle  of  another  piece,  it  will  explode  with  a  flash  and 
smart  report. 

A  throw-down  detonating  cracker  may  be  made  by  screwing  up  a  particle  of  the 
fulminate  of  silver  in  a  piece  of  thin  paper,  with  some  fragments  obtained  by  crush- 
ing a  common  quartz  pebble. 

The  explosion  of  fulminate  of  silver  may  be  compared  with  that  of  the  mercury 
salt  by  heating  equal  quantities  upon  tliin  copper  or  platinum  foil,  when  the  ful- 
minate of  mercury  will  explode  with  a  slight  puff,  and  will  not  injure  the  foil,  but 
that  of  silver  will  give  a  loud  crack  and  rend  a  hole  in  the  metal. 

If  a  particle  of  fulminate  of  silver  be  placed  upon  a  glass  plate  and  touched  with 
a  glass  rod  dipped  in  oil  of  vitriol,  it  will  detonate  and  leave  a  deposit  of  silver  upon 
the  glass. 

When  fulminate  of  silver  is  dissolved  in  warm  ammonia,  the  solution 
deposits,  on  cooling,  crystals  of  a  double  fulminate  of  silver  and  ammonia, 
AgO .  NHg .  HO .  C^JSTjOg,  which  is  even  more  violently  explosive,  and  is 
dangerous  while  still  moist. 

On  adding  chloride  of  potassium  in  excess  to  fulminate  of  silver,  only 
half  the  silver  is  removed  as  chloride,  and  the  double  fulminate  of  silver 
and  potassium,  AgO,  KO,  C^NjO^,  may  be  crystallised  from  the  solution. 
By  the  careful  addition  of  nitric  acid,  the  KO  may  be  removed  from  this 
salt,  and  the  acid  fulminate  of  silver,  AgO .  HO .  04^202,  obtained,  which 
is  easily  soluble  in  boiling  water,  and  crystallises  out  on  cooling ;  by  boil- 
ing with  oxide  of  silver,  it  is  converted  into  the  neutral  fulminate. 

Various  other  fulminates  and  double  fulminates  have  been  obtained. 
They  are  all  more  or  less  explosive. 

Chemical  constitution  of  the  fulminates. — The  fact  of  the  existence  of 
double  fulminates  and  acid  fulminates  renders  it  necessary  to  write  the 
empirical  formula  of  fubninate  of  silver,  for  example,  Ag^C^N^O^,  instead 
of  AgC2N02,  in  order  to  show  that  half  of  the  silver  is  capable  of  being 
exchanged  for  another  metal  or  for  hydrogen.  It  wiU  be  seen  that 
this  formula  would  also  represent  two  equivalents  of  cyanate  of  silver 
(AgO .  CgNO),  but  the  properties  of  this  salt  are  entirely  different  from 
those  of  the  fulminate.  That  a  strong  connection  exists,  however,  betw,een 
the  fulminates  and  the  cyanogen-compounds,  is  shown  by  several  reactions. 
Tlius,  if  fulminate  of  mercury  be  heated  with  hydrocliloric  acid,  it  is  dis- 
solved with  evolution  of  a  powerful  odour  of  hydrocyanic  acid,  whilst  mer- 
curic chloride  and  oxalate,  with  hydrochlorate  of  ammonia,  remain  in  the 
solution.  Again,  if  an  excess  of  fulminate  of  silver  be  acted  on  by  hydro- 
sidphuric  acid,  cyanic  acid  may  be  obtained  in  solution,  and  becomes 
converted  into  hydrosulphocyanic  acid,  when  the  hydrosulphuric  acid  is 
in  excess.  By  decomposing  the  double  fulminate  of  copper  and  ammonia 
(CuO .  NH3 .  HO .  C^NjOj)  with  hydrosulphuric  acid,  there  are  produced 
hydrosulphocyanic  acid  and  urea,  the  latter  having  the  same  composition 
as  cyanate  of  ammonia — 

CuO.NH,.HO.C,Np,  +  3HS  =  CuS  +  2II0  +  H.  aNSj,  +  CJI^N^O^. 

nydrosulpliocyimlc 

acid.  Urea. 

These  reactions  have  induced  many  chemists  to  regard  the  fulminates 
as  compounds  of  the  metallic  oxides  with  an  acid  having  tlie  composition 
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Cy^O.,,  intermediate  in  composition  between  the  hypothetical  anhydrous 
cyanic  acid  (CyO)  and  the  hypothetical  anhydrous  cyamiric  acid  {Cy.fi.,), 
but  neither  the  anhydrous  nor  the  hydiuted  fulminic  acid  has  yet  been 
obtained  in  a  separate  form.  This  view  of  the  constitution  of  the  ful- 
minates, however,  has  the  recommendation  of  simplicity,  and  enables  the 
greater  number  of  their  reactions  to  be  easily  explained. 

Fulminate  of  mercury  dissolves  when  boiled  with  solution  of  cLloride  of  potas- 
sium and  the  solution,  when  evaporated,  yields  crystals  of  fulminurate  or  i&ocyanu- 
rate  of  potash  KO  .  CgNjH^Os,  which  has  the  same  percentage  composition  as  acid 
cyanurate  of  potash,  KO .  2H0 .  CyjOj,  but  the  acid  contained  in  fulminurate  of 
potash  forms  only  one  series  of  salts,  and  is  therefore  monobasic.  The  fulminurates 
are  feebly  explosive.  The  production  of  fulminuric  acid  from  the  hypothetical 
hydrate  of  fulminic  acid  may  be  represented  by  the  equation — 

2(2HO .  C.NA)    +    2H0    =    2CO2    -I-    NH3    -I-  HO.CeNjH^O,. 


PEODUCTS  OF  THE  DESTKUCTIVE  DISTILLATION  OF  COAL. 

332.  Much  of  the  extraordinary  progress  made  by  chemistry  during 
the  last  half  century  must  be  attributed  to  the  introduction  and  great  ex- 
tension of  the  manufacture  of  coal-gas.  No  other  branch  of  manufacture 
has  brought  into  notice  so  many  compounds  not  previously  obtained  from 
any  other  source ;  and,  above  all,  offering,  at  first  sight,  so  very  Uttle 
promise  of  utility,  as  to  press  urgently  upon  the  chemist  the  necessity  for 
submitting  them  to  investigation. 

Although  many  important  additions  to  chemical  knowledge  have  re- 
sulted from  the  labours  of  those  who  have  engaged  in  devising  the  best 
methods  of  obtaining  the  coal-gas  itself  in  the  state  best  fitted  for  con- 
sumption, far  more  benefit  has  accrued  to  the  science  from  investigations 
into  the  nature  of  the  secondary  products  of  the  manufacture,  the  removal 
of  which  was  the  object  to  be  attained  in  the  purification  of  the  gas. 

Of  the  compounds  of  carbon  and  hydrogen,  very  little  was  known  pre- 
viously to  the  introduction  of  coal-gas ;  and  although  the  liquid  hydro- 
carbons composing  coal-naphtha  were  originally  obtained  from  other 
sources,  the  investigation  of  their  chemical  properties  has  been  greatly  pro- 
moted by  the  facility  with  which  they  may  be  obtained  in  large  quantities 
froqi  that  liquid.  The  most  important  of  these  hydrocarbons,  henzole  or 
benzine,  was  originally  procured  from  benzoic  acid;  but  it  would  have 
been  impossible  for  it  to  have  fulfilled  its  present  useful  purposes  but  for 
the  circumstance  that  it  is  obtained  in  abundance  as  a  secondary  product 
in  the  manufacture  of  coal-gas;  for,  leaving  out  of  consideration  the 
various  uses  to  which  benzole  itself  is  devoted,  it  yields  the  nitrohenzole, 
so  much  used  in  perfumery,  and  from  this  we  obtain  aniline,  from  which 
many  of  the  most  beautiful  dyes  are  now  prepared. 

The  7iaphtJialine  found  so  abundantly  in  coal-tar  possesses  a  peculiar 
interest,  as  having  formed  the  subject  of  the  beautiful  researches  by  which 
Laurent  was  led  to  propose  the  doctrine  of  substitution,  which  has  since 
thrown  so  much  liglit  upon  the  constitution  of  organic  substances. 

We  are  also  especially  indebted  to  coal-tar  for  our  acquaintance  with 
the  very  interesting  and  rapidly-extending  class  of  volatile  alkalies,  of 
which  the  above-mentioned  aniline  is  the  cliief  representative,  and  for 
plienic  or  carbolic  acid,  from  wliich  are  derived  the  large  number  of  sub- 
stances composing  the  phenyle-series. 
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Tho  retorts  in  which  the  distillation  of  coal  is  effected  are  made  either  of 
cast-iron  or  stoneware,  generally  havuig  the  form  of  a  flattened  cylmder,  and 
arranged  m  sets  of  three  or  live,  heated  by  the  same  coal  fire  (fig.  2  07).  The 
charge  for  each  retort  is  about  two  bushels,  and  is  tlu'own  on  to  the  red-hot 


Fig.  267. — ^Manufacture  of  coal-gas. 

floor  of  the  retort,  as  soon  as  the  coke  from  the  previous  distillation  has  been 
raked  out ;  the  mouth  of  the  retort  is  then  closed  with  an  iron  plate  luted 
with  clay.  An  iron  pipe  rises  from  the  upper  side  of  the  front  of  the  retort 
projectmg  from  the  furnace,  and  is  curved  round  at  the  upper  extremity, 
which  passes  into  the  side  of  a  much  wider  tube,  called  the  hydraulic 
main,  running  above  the  furnaces,  at  right  angles  to  the  retorts,  and  re- 
ceiving the  tubes  from  all  of  them.  This  tube  is  always  kept  half  full  of 
the  tar  and  water  which  condense  from  the  gas,  and  below  the  surface  of 
this  liquid  the  delivery  tubes  from  the  retorts  are  allowed  to  dip,  so  that 
although  the  gas  can  bubble  freely  through  the  liquid  as  it  issues  from 
the  retort,  none  can  return  tlirough  the  tube  whilst  the  retort  is  open  for 
the  introduction  of  a  fresh  charge. 

The  aqueous  portion  of  the  liquid  deposited  in  tho  hydraulic  main  is 
Itnown  as  the  ammoniacal  liquor,  from  its  consisting  chiefly  of  a  solution 
of  various  salts  of  ammonia,  the  chief  of  which  is  the  sesquicarbonate ; 
sulphide,  cyanide,  and  sulphocyanide  of  ammonium  are  also  found  in  it. 

Irom  the  hydraulic  main  the  gas  passes  into  the  condenser,  which  is 
composed  of  a  series  of  bent  iron  tubes  kept  cool  either  by  the  large  sur- 
face which  they  expose  to  tho  air,  or  sometimes  by  a  stream  of  cold 
Water.  In  these  are  deposited,  in  addition  to  water,  any  of  the  volatile 
hydrocarbons  and  salts  of  ammonia  which  may  have  escaped  condensation 
in  the  hydraiUic  main.  Even  in  the  condenser  the  removal  of  tlie  am- 
moniacal salts  is  not  complete,  so  that  it  is  usually  necessary  to  pass  the 
gas  through  a  .scrubber  or  case  containing  fragments  of  colco,  over  which  a 
stream  of  water  is  allowed  to  triclde  in  order  to  absorb  tlie  reinainino' 
ammoniacal  vapours.  " 

2f       '  ■ 
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The  tav  whicli  condenses  in  tlie  hydraulic  main  is  a  very  complex 
mixture,  of  which  the  foUowing  are  some  of  the  leading  components— 


Neuteal  Hvdeocaebons 
Liquid. 

Benzole,    .  • 

Toluole,     .  . 

Xylole,  .    .  . 

Isocumole'* 

Solid. 

Naphthaline,  . 

Paranaphthaline, 

Chrysene,  .  . 

Pyrene,      .  . 
Alkaline  Pkoducts, 

Ammonia, 

Aniline,    .  . 

Picoline,    .  . 

Quinoline, 

Pyridine,  .  . 

Acids. 

Carbolic  acid, 
Kresylic  „ 
Eosolic  ,, 
Brunolic  ,, 
Acetic  „ 


Boiling  Point. 


Equivalent 
FoiTOula. 


176°  F. 
230° 
284° 
338° 

428° 
680° 


360° 
271° 
462° 
240° 

370° 
397° 


243° 


^-^'20^8 
^30^12 


NH3 


CuHgOs 


C4H4O4 


Sp.  Gr. 


0-88 
0-87 
0-87 
0-85 


102 
0-96 
108 


1-07 


1-06 


The  gas  is  now  passed  through  the  lime-purifier,  which  is  an  iron  hox 
with  shelves,  on  which  dry  slaked  lime  is  placed  in  order  to  ahsorh  the 
carbonic  acid  and  sulphuretted  hydrogen,  and  the  last  portions  of  ammonia 
are  removed  hy  passing  the  gas  through  dilute  sulphuric  acid.  _ 

A  great  many  other  methods  have  been  devised  for  the  purification  ot 
the  gas  from  sulphuretted  hydrogen,  but  none  appears  to  be  so  efficacious 
and  economical  as  that  which  consists  in  passing  the  gas  over  a  mixture 
of  sulphate  of  iron  (green  vitriol  or  copperas),  slaked  lime,  and  sawdust 
(which  is  employed  to  prevent  the  other  materials  from  cakmg  together). 
The  lime  decomposes  the  sulphate  of  iron,  forming  sulphate  of  lime  and 
hydrated  oxide  of  iron — 

FeO.SOa  +  CaO.HO  -  FeO .  HO  +  CaO.SO,. 
The  action  of  air  upon  the  mixture  soon  converts  the  oxide  into  sesqui- 
oxide  of  iron,  which  absorbs  the  sulphuretted  hydrogen  and  the  hydro- 
cyanic acid,  producing  with  the  former  sulphide  of  iron,  and  with  the 
latter  Prussian  blue,  or  some  similar  compound.  The  sulphate  ot  lime 
existing  in  this  purifying  mixture  is  useful  in  absorbing  any  vapour  ot 
carbonate  of  ammonia  from  the  gas,  forming  sulphate  of  ammonia  and 
carbonate  of  limct 

*  lienzole,  oricinally  derived  from  lermic  acid;  toluok,  from  balsam  °^ 
found  among  the  products  from  wood  {^iXov)  ;  isocumole,  isomeric  with  cumole,  oDtamea 
from  oil  of  cummin.  ,     . •  1       „„„„  ;o  nlon 

t  Scsquioxide  of  iron  itself,  derived  from  various  natural  and  artificial  sources,  is  aiso 
employed  for  the  purilication  of  coal-gas. 
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The  action  of  the  sulphuretted  hydrogen  on  the  sesquioxide  of  iron  may 
bo  thus  represented,  ¥eX\  +  3HS  -  2EeS  +  S  +  3H0 ;  and  the  cir- 
cumstance which  especially  conduces  to  the  economy  of  the  process,  is  the 
fecility  TOth  which  the  sulphide  of  ii-on  may  be  reconverted  into  the 
sesquioxide  by  mere  exposure  to  the  action  of  atmospheric  oxygen,  for 
"  1  ^  +  O3  -  Fe.Pj  +  S2,  thus  reviving  the  power  of  the  mixture  to  absorb 
sulphiiretted  hydrogen.  Accordingly,  if  a  small  quantity  of  air  be  ad- 
mitted into  the  purifier  together  with  the  gas,  it  reconverts  the  sulphide  of 
iron  into  sesquioxide,  and  the  oxidation  is  attended  with  enough  heat  to 
convert  into  vapour  any  benzole  which  may  have  condensed  in  the  purify- 
uig  mixture,  and  of  which  the  illuminating  value  would  otherwise  be  lost. 
Ilie  same  purifying  mixture  may  thus  be  employed  to  purify  a  very  large 
quantity  _ot  gas,  until  the  separated  sulphur  has  increased  its  bulk  to  an 
inconvenient  extent,  when  it  is  distilled  off  in  iron  retorts.  The  various 
processes  which  have  been  devised  for  the  removal  of  the  bisulphide  of 
carbon  vapour  are  mentioned  at  p.  217. 

The  purified  gas  is  passed  into  the  gasometers,  from  which  it  is  sup- 
plied tor  consumption. 

In  the  manufacture  of  coal-gas,  attention  is  requisite  to  the  temperature 
at  which  the  distillation  is  effected,  for  if  it  be  too  low,  the  soHd  and 
hquid  hydrocarbons  wHl  be  formed  in  too  great  abundance,  not  only 
diminishing  the  volume  of  the  gas,  but  causing  much  inconvenience  by 
obstructing  the  pipes.  On  the  other  hand,  if  the  retort  be  too  strongly 
•  heated,  the  vapours  of  volatHe  hydrocarbons,  as  weU  as  the  defiant  gas 
and  marsh-gas,  may  undergo  decomposition,  depositing  their  carbon  upon 
the  sides  of  the  retort,  m  the  form  of  gas-carbon,  and  leaving  their  hydro- 
gen to  increase  the  volume  and  dUute  the  iUuminating  power  of  the  ^aa 

These  effects  are  weU  exemplified  in  the  following  analyses  of  the  gas 
coUected  Irom  Wigan  cannel  coal  at  different  periods  of  the  distiUation :— 


In  100  volumes.  * 

1st  hour. 

5th  hour. 

lOth  hour. 

Olefiant  gas  and  volatile  hydrocarbons, 

13-0 

7-0 

00 

Marsh-gas,   

82-5 

56-0 

20-0 

Carbonic  oxide,  

3-2 

11-0 

10-0 

Hydrogen,  

0-0 

21-3 

60'0 

Nitrogen,  ,  . 

1-3 

4-7 

10-0 

The  increase  of  the  carbonic  oxide  after  the  fir.st  hour  must  be  attri- 
buted to  the  decomposition  of  the  aqueous  vapour  by  the  carbon  as  the 
temperature  rises,  and  the  increase  of  the  nitrogen  may  probably  be 
ascribed  to  the  decomposition  of  the  ammonia  into  its  elements  at  a  high 
temperature. 

333.  One  of  the  most  useful  of  the  secondary  products  of  the  coal-gas 
manufacture  is  the  ammonia,  and  this  process  has  been  already  noticed  as 
a  principal  source  of  the  ammoniacal  salts  found  in  commerce. 

Next  in  the  order  of  usefulness  stands  the  coal-tar,  which  deserves 
attentive  consideration  not  only  on  that  account,  but  because  tlie  extrac- 
tion of  the  various  useful  substances  from  this  complex  mixture  affords  an  * 
excellent  example  of  proxbnate  organic  analysis,  that  is,  of  the  separa- 
tion of  an  organic  mixture  into  its  immediate  components. 

Por  the  separation  of  the  numerous  volatile  substances  contained  in 
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coal-tar,  advantage  is  taken  of  the  difference  in  their  boiling  points,  which 
wiU  be  obsei'ved  on  examining  tbe  table  at  p.  40U.         _     ,  , 

A  large  quantity  of  tbe  tar  is  distiUed  m  an  iron  retort,  when  water 
T^R.sP^  over  holdincr  salts  of  ammoma  m  solution,  and  accompanied  by  a 
Cwn  oHy^Snsrve  liquid  which  coUects  uix>n  the  surface  of  th.  wat.r. 
This  is  aiiixture  of  the  hydrocarbons  which  are  bghter  than  water,  ^ 
bpnzolP  toluole  xylole,  and  isocumole,  all  having,  as  represented  in  the 
Lble  at  p  450,  ^'specific  gravity  of  about  0-85.  100  parts  of  the  tar 
vield,  at  most,  10  parts  of  tbis  light  oil.  _  n  -i 

As  tbe  distniation  proceeds,  and  the  temperature  rises,  a  yeUow  oil  dis- 
tils over,  which  is  heavier  than  water,  and  sinks  in  the  receiver.  This 
oiL  commonly  caUed  dead  oil,  is  much  more  abundant  than  the  hght  oil, 
amounting  to  about  one-fourtb  of  the  weight  of  tbe  tar,  and  contains  those 
constituents  of  the  tar  which  have  a  high  specific  gravity  and  boibng  pomt, 
particularly  napbtbaUne,  anihne,  quinolme,  and  carbohc  acid,  ibe  pro- 
portion of  napbtbaUne  in  this  oil  augments  mtb  tbe  progress  of  the  dis- 
tiUation,  as  would  be  expected  from  its  high  boibng  pomt,  so  that  the 
last  portions  of  the  oil  which  distil  over  become  nearly  solid  on  coobng. 
When  tbis  is  the  case,  the  distiUation  is  generaUy  stopped,  and  a  black 
viscous  residue  is  found  in  the  retort,  which  constitutes  |j?ic7i,  and  is 
employed  for  the  preparation  of  Brunswick  black  and  of  asphalt  tor 

^^S'light  oU  wHch  first  passed  over  is  rectified  by  a  second  distiUation, 
and  is  then  sent  into  commerce  under  the  name  of  coal  naphtha,  a  quan- 
tity of  tbe  heavy  oil  being  left  in  the  retort,  tbe  Ughter  oils  bavmg  lower 

boUing  points.  ^     ,  ^  .  ,  i  •„ 

Tbit  coal  naphtha  may  be  further  purified  by  sbalang  it  with  sulphuric 
acid,  which  removes  several  of  the  impurities,  AybUst  tbe  pure  naphtha 
coUects  on  the  surface  when  the  mixture  is  aUowed  to  stand.  When  this 
is  again  distiUed  it  yields  tbe  rectified  coal  naphtha. 

This  light  oil,  especially  when  distilled  frotn  cannel  coal  at  a  low  temperature 
contains,  In  addition  to  the  hydrocarbons  above  enumerated  some  ^elongmg  to  the 
marsh-gas  series  (C„H,..),  and  others  more  recently  brought  to  'gl^*' J^^'^^S^ ^  cted 
series  the  general  formula  of  which  is  C„H._,;  but  ^ese  last  a^^ear  to  be  a^^^^^^ 
on  by  the  sulphuric  acid,  employed  to  remove  the  basic  substances  from  the  light  o  i, 
in  such  a  manner  that  they  are  converted  into  polymeric  ^^^f  "^^,^^7 
general  formula  C2„H„._„of  which  the  three  foUowmg  have  been  particularly 
examined : — 


Equivalent  fovmula. 


Boiling  point. 
410°  F. 
464° 
536° 


The  hydrocarbons,  C,.,H„„  C,,H,„  and  0,„H„.  from  which  these  appear  to  have  been 
formed  by  the  action  of  sulphuric  acid,  would  evidently  bo  the  bigher  homologues 

of  acetylene,  C.Ho.  .      ,         ,     n-  j      „nn^  nt 

The  distillation  of  cannel  coal,  and  of  various  minerals  nearfy  allied  to  coal  at 
low  temperatures,  is  now  extensively  carried  on  for  the  manufacture  of  parafiincam 
paraffine  oil.    (See  raraffine.) 

The  separation  of  the  hydrocarbons  composing  this  naphtha  is  effected 
.  by  a  process  in  constant  use  for  similar  purposes,  and  known  as /racf/cmo/. 

distillation.  +i  a\\ 

This  consists  in  distilling  the  Uquid  in  a  retort  (A,  fig.  268)  tlirougn 
the  tubulure  of  wbicb  a  thermometer  (T)  passes,  to  indicate  the  tempera- 
ture at  which  it  boils.    The  first  portion  wliicb  distils  over  will,  of  course, 
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consist  c}iiefly  of  that  liquid  which,  has  tho  lowest  boiling  point ;  and  if 
the  receiver  (R)  he  changed  at  stated  intervals  corresponding  to  a  certain 


Fig.  268. —Fractional  distillation. 


rise  in  the  temperature,  a  series  of  liquids  will  be  obtained,  containing 
substances  the  boiling  points  of  wliich  lie  witliin  the  limits  of  tempera- 
ture between  which  such  liquids  were  collected. 

When  these  liquids  are  again  distilled  separately  in  the  same  way,  a 
great  part  of  each  is  generally  found  to  distil  over  within  a  few  degrees 
on  either  side  of  some  particular  temperature,  which  represents  the  boil- 
ing poiat  of  the  substance  of  which  that  liquid  chiefly  consists ;  and  if  the 
receivers  be  again  changed  at  stated  intervals,  a  second  series  of  distillates 
will  be  obtained,  the  boiling  points  of  which  are  comprised  within  a 
narrower  range  of  temperature.  It  will  be  evident  that,  by  repeated  dis- 
tillations of  this  description,  the  mixture  will  eventually  be  resolved  into 
a  number  of  substances,  each  distilling  over  entirely  at  or  about  one  par- 
ticular degree,  viz.,  the  boUing  poiat  of  that  substance. 

To  apply  this  to  the  separation  of  the  constituents  of  light  coal  naphtha. 

The  crude  light  oil  is  first  agitated  with  dilute  sulphuric  acid,  which  removes  any 
basic  substances  present  in  it,  and  afterwards  with  a  dilute  solution  of  potash,  to 
separate  carbolic  acid.  The  adhering  potash  is  removed  by  shaking  with  water, 
and  the  naphtha  is  allowed  to  remain  at  rest,  so  that  all  the  water  may  settle  down, 
and  the  naphtha  may  be  drawn  off  for  distillation. 

The  naphtha  begins  to  boil  at  about  1(30°  F.,  but  a  small  quantity  distils  over 
before  the  temperature  has  risen  to  180°,  when  tlie  receiver  may  be  changed  ; 
between  180°  and  200°  a  considerable  quantity  of  the  naphtha  distils  over,  and  at 
the  latter  degree  the  receiver  is  changed  a  second  time.  Tlie  receiver  is  changed  at 
every  20°  throughout  tho  distillation,  until  nearly  tho  whole  of  the  naphtlia  lias 
passed  over,  which  will  bo  tho  case  at  about  300°.* 

Ten  unequal  quantities  of  liquid  will  have  been  thus  obtained,  diminishing  as  the 
temperatur(!  rises. 

Each  of  these  must  then  be  distilled  in  a  smaller  retort  than  the  first,  also  pro- 
vided with  a  thermometer. 

The  first  portion  (160°  to  180°)  will  probably  begin  to  boil  at  150°,  and  will  distil 
in  great  jmrt  liefore  100°,  v/hv.n  the  receiver  may  bo  changed.  When  tlie  tempera- 
ture reaches  170°  it  will  probably  bo  found  tliiit  notliing  remains  worth  distilling. 
The  liquid  passing  over  in  tliis  distillation  between  1G0°  and  170°  may  be  added  to 
that  which  is  next  to  be  distilled  (180°  to  200°). 

*  On  the  l.irgB  scale,  that  portion  of  the  naphtlia  wliicli  is  distilliMl  over  between  180°  nud 
250°  F.  is  sold  as  benzoic,  and  employed  for  tho  preparation  of  aniline. 
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The  second  portion  (180°  to  200°)  TviU  begin  to  boil  at  about  175°,  and  will  distil 
over  cbSy  b^^^^^^^^^   tiat  temperate  and  186°,  when  the  ---- -^^^^^^^^^^^^^ 
Nearly  the  whole  will  have  passed  over  before  196  ,  and  this  last  fraction  may  be 
added  to  that  previously  obtained  from  ^OU  to  ^-u  . 

WItpt,  fill  tlTP  firtit  series  of  liquids  have  been  thus  distilled,  it  will  be  louna  mat 
When  all  the  trst  st^i.es  01  11 1  tions  distilling  between  the  following 

the  second  series  /'"^gSLfeo'  175°-186°,  180°-190°,  240°-260°,  300°-310°, 

degrees  of  temperature,  VIZ.,  lou , -^i"         .  > 

^^BvfnTther  distillation  of  each  of  these  portions,  a  third  series  of  liquids  wiU  be 
form'ed  ct  "sting  chiefly  of  five  portions  distilling  between  the  following  points,  viz., 
146°-150°  175°-180°,  230°-235°,  288°-293°,  336°-342°.  _ 
The  portion  distilling  between  U5°  and  150°  is  comparatively  small  m  quantity. 

and  has  not  yet  been  fully  examined.  ,      ,    .  ui^o,  «f  fTio  ntTiPrs 

That  obtained  between  176°  and  180°  is  more  abundant  than  either  of  the  others, 
and  is  nearly  pure  benzole  (CjjHg).    /n  rr  ^  mV,;iof  988° 

The  portion  boiling  between  230°  and  235°  is  chiefly  toluoleCCuHg),  whilst  288 
to  293°  eives  xvlole  (C,„H,n),  and  366°  to  342°  isocumole  (018^12). 

In  orcfer  to  separate^k^"  benzole  completely  from  the  ty<ixocarbons  which  sW 
adhere  to  it,  the  portion  boiling  between  175°  and  180°  is  exposed  to  a  temperature 
of  32°,  when  the  benzole  alone  freezes,  the  other  hydrocarbons  remaining  liquid,  and 
being  easily  extracted  by  pressure.  ^„;„+o  nnn 

A  simpler  method  of  separating  liquids  which  have  diiferent  foiling  points  con- 
sists in  distilling  them  in  a  flask  (F,  fig.  269)  connected  with  a  spiral  worm  (W)  ot 


Fig.  269. — Fractional  distillation. 

pewter  or  copper,  surrounded  by  water,  or  some  other  "$1:^^'^.' ^'l^'^^f  "^'^^If^J?^: 
np7ature  iust  above  the  boiling  point  of  the  particular  hquid  which  is  required  to 
dLtil  ove  The  greater  part  ?f  the  less  volatile  liquids  will  condense  in  the  worm 
aS  un  back  into  the  flask.  Thus,  in  extracting  benzole  from  the  light  oil,  the  liquid 
'n  A  might  be  kept  at  180°  F.,  when  the  toluole,  &c.,  would  be  partly  condensed  m 
the  worm  and  the  portion  which  passed  into  the  receiver  would  consist  chiefly  of 
benzole  When  little  more  distilled  over,  the  temperature  of  A  might  be  raised  to 
230°  and  The  receiver  changed,  when  the  distillate  would  contain  toluole  as  its 
predominant  constituent,  and  so  on. 

334.  BenzoIe.-T]ie  pure  benzole  or  benzme_  is  a  brilliant  colourless 
liquid,  exhaling  a  powerful  odour  of  coal-gas;  it  boils  at  1/6  -b.,  ana  is 
very  inflammable,  burning  witli  a  smoky  flame.  It  mixes  i;?adily  ^^^^^ 
alcobol  and  wood-spirit,  but  not^tb  water.  Its  property  of  (iissolymg 
caoutcbouc  and  gutta  percba  renders  it  very  useful  m  the  arts,  and  it  is  an 
excellent  solvent  for  tbe  removal  of  grease,  paint,  &c.,  from  clotnes  aiiu 
furnitm-e. 
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Benzole  combines  directly  with  clilorine  to  form  a  solid  chloride  of  benzole,  OjgHjOlg, 
which  ia  decomposed  by  an  alcoholic  solution  of  potash,  yielding  chlorobenzole, 
CiaH^Cl^. 

By  the  action  of  an  aqueous  solution  of  hypochlorous  acid  upon  benzole,  a  crys- 
talline body  has  been  obtained,  having  the  comi»sition  CjgHgCljOc,  and  called 
trichlorhydrine  of  phenose.  When  acted  on  by  allcalies,  this  substance  yields  a  sweet 
substance  called  phenose,  isomeric  with  dry  grape-sugar — 

CjaHaClaOo    +    3(K0.H0)    =    Ci^HiaOjg    +  3KC1. 

I'lienose. 

This  substance  has  not  been  crystallised ;  it  forms  a  deliquescent  amorphous 
mass,  which  is  easily  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  reduces 
the  oxides  of  copper  and  silver  like  grape-sugar,  and  when  acted  on  by  nitric  acid 
is  converted  into  oxalic  acid,  Phenose  has  not  Ijeen  found  capable  of  fermentation 
by  yeast. 

335.  Aniline. — Tlie  chief  purpose  to  wluch.  benzole  is  devoted  is  the 
preparation  of  aniline,  which  is  subsequently  converted  into  the  bril- 
liant dyes  now  so  extensively  used.  It  has  been  already  noticed  at 
p.  128,  that  when  benzole  is  dissolved  in  fuming  nitric  acid,  violent  action 
takes  place,  and  a  dark  red  liquid  is  formed,  from  which  water  precipitates 
a  heavy  yellow  oUy  liquid,  smelling  of  bitter  almonds,  and  known  as 
nitrobenzole,  which  has  the  composition  Cj2H5(NO^),  and  may  be  regarded 
as  derived  from  benzole  by  the  substitution  of  an  equivalent  of  nitric  per- 
oxide for  an  equivalent  of  hydrogen — 

Ci^Hg   +    HO.  NO,   =   Ci,H-(NO,)    +  2H0. 

Benzole.  Nitrotenzole. 

When  nitrobenzole  is  placed  in  contact  with  dUuted  sidphuric  acid  and 
metallic  zinc,  the  (nascent)  hydrogen  removes  the  whole  of  the  oxygen, 
and  two  equivalents  of  hydrogen  are  acquired  in  their  stead,  producing 
CjjHjNH,,  or  CijH^JST,  aniline — 

C,,H,(NOJ    4-    H,   =   C,,H,N    +  4H0.* 

Nitrobenzole.  Aniline. 

That  aniline  has  been  produced  may  be  shown  by  neutralising  the  excess 
of  sulphuric  acid  with,  potash,  and  adding  chloride  of  Hme  (hypochlorite 
of  lime),  which  gives  a  fine  purple  colour  with  aniliae. 

The  conversion  of  nitrobenzole  into  aniline  on  a  large  scale  is  more 
conveniently  effected  by  gently  heating  it  in  a  retort,  with  water,  iron 
fiUngs,  and  acetic  acid,  when  the  deoxidising  action  of  the  acetate  of  iron 
(FeO .  C^HjOj),  first  produced,  materially  assists  the  change,  this  salt 
being  converted  into  a  basic  peracetate  of  iron  (Fe^Oj .  2C4H3O3),  which  is 
left  in  the  retort,  and  the  aniline  may  be  distilled  over,  accompanied  by- 
water.  At  the  close  of  the  distillation,  a  red  oil  passes  over,  which  solidi- 
fies to  a  crystalline  mass.  This  is  azobenzide,  C^JiriN,  originally  obtained 
by  distilling  nitrobenzole  with  an  alcoholic  solution  of  potash. 

(When  nitrobenzole,  in  alcoholic  solution,  is  reduced  by  zinc  in  the 
presence  of  hydrochloric  acid,  the  solution  neutralised  by  carbon  ate  of 

*  The  change  is  more  intelligible  when  molecular  formulce  are  employed ;  thus— 

Moleculni'  formula. 
Benzoic,      .       .  ©nH,, 
Nitrobenzole,       .  0„H.(Nej) 
Aniline,       .      .  tlolIjNIIj 

which  8how8  that  two  atovis  of  oxygen  have  been  displaced  by  two  atoms  of  hydrogen. 
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soda  and  "boiled  with  alcohol,  a  crystalline  compound  of  anUine  with 
chloride  of  zinc  (ZnCl  +  Ci^H^N)  is  obtained.) 

Since  aniline  is  only  slightly  soluble  in  water,  and  has  the  sp.  gr.  1-02, 
the  larger  portion  of  it  collects  at  the  bottom  of  the  liquid  in  the  receiver, 
which  is  milky  from  the  presence  of  minute  drops  of  aniline  in  suspension. 
By  pouring  the  contents  of  the  receiver  into  a  tall  vessel,  the  greater  part 
of  the  aqueous  fluid  may  be  separated,  and  the  aniline  may  be  purified  by 
a  second  distillation,  when  the  remaining  water  will  pass  over  fiirst,  the 
boUing  point  of  aniline  being  360°  F. 

AnUine*  presents  many  striking  features ;  though  colourless  when  per- 
fectly pure,  it  soon  becomes  brown  if  exposed  to  the  air ;  its  odour  is  very 
peculiar  and  somewhat  ammoniacal,  and  its  taste  is  very  acrid.  A  drop 
falling  upon  a  deal  table  stains  it  intensely  yellow.  But  the  character  by 
which  aniline  is  most  easUy  recognised,  and  that  which  leads  to  its  useful 
applications,  is  the  production  of  a  violet  colour  with  solution  of  chloride 
of  lime,  by  wliich  a  very  minute  quantity  of  aniline  may  be  detected. 
The  exact  nature  of  the  chemical  change  connected  with  the  production 
of  this  colour  has  not  been  determined,  but  it  is  known  to  be  an  oxidation, 
and  a  great  number  of  processes  have  been  patented  from  time  to  time 
for  the  production  of  crimson,  purple,  and  violet  dyes  by  the  action  of 
various  oxidising  agents  upon  anHine. 

336.  Coal-iar  dyes. — The  first  dye  ever  manufactured  from  aniline  on  a  large  scale 
was  that  known  as  mauve.-f  or  aniline  purplt>,  which  is  obtained  by  dissolving  aniline 
in  diluted  sulphuric  acid,  and  adding  solution  of  bichromate  of  potash,  when  the 
liquid  gradually  becomes  dark-coloured,  and  deposits  a  black  precipitate,  which  is 
filtered  ofi",  washed,  boiled  with  coal-naphtha  to  extract  a  brown  substance,  and 
afterwards  treated  with  hot  alcohol,  which  dissolves  the  mauve.  The  chemical 
change  by  which  the  aniline  has  been  converted  into  this  colouring-matter  cannot 
at  present  be  clearly  traced,  but  the  basis  of  the  colour  has  been  found  to  be  a  sub- 
stance which  has  the  composition  CjjHj^Nj,  and  has  been  termed  mam^ine.  It 
forms  black  shining  crystals,  resembling  specular  iron  ore,  which  dissolve  in  alcohol, 
forming  a  violet  solution,  and  in  acids,  with  production  of  the  purple  colour. 
Mauveine  combines  with  the  acids  to  form  salts ;  its  alcoholic  solution  even  absorbs 
carbonic  acid  gas.  The  hydrochl.orate  of  mauviine,  CojHj^Nj .  HCl,  forms  prismatic 
needles  with  a  green  metallic  lustre. 

Very  brilliant  red  dyes  are  obtained  from  commercial  aniline  by  the  action  of 
bichloride  (tetrachloride)  of  carbon,  bichloride  of  tin,  perchloride  of  iron,  chloride 
of  copper,  mercuric  nitrate,  corrosive  sublimate,  and  hydrated  arsenic  acid.  It  will 
be  noticed  that  all  these  agents  are  capable  of  undergoing  reduction  to  a  lower  state 
of  oxidation  or  chlorination,  indicating  that  the  chemical  change  concerned  in  the 
transformation  of  aniline  into  aniline-red  is  one  in  which  the  aniline  is  acted  on 
by  oxygen  or  chlorine. 

The  easiest  method  of  illustrating  the  production  of  aniline-red,  on  the  small 
scale,  consists  in  heating  a  few  drops  of  aniline  in  a  test-tube  with  a  fragment  of 
corrosive  sublimate  (perchloride  of  mercury),  which  soon  fuses  and  acts  upon  the 
aniline  to  form  an  intensely  red  mass  composed  of  aniline-red,  calomel,  and  various 
secondary  products.  By  heating  this  mixture  with  alcohol  the  red  dye  is  dissolved, 
and  a  skein  of  silk  or  wool  dipped  into  the  liquid  becomes  dyed  of  a  fine  red,  which 
is  not  removed  by  washing. 

On  the  large  scale.  Magenta  (as  aniline-ted  is  commonly  termed)  is  generally  pre- 
pared by  heating  aniline  to  about  320°  F.  with  hydrated  arsenic  acid,  when  a  dark 
semisolid  mass  is  obtained,  which  becomes  hard  and  brittle  on  cooling,  and  exhibits 
a  green  metallic  reflection.  This  mass  contains,  in  addition  to  aniline-red,  several 
secondary  products  of  tjje  action,  and  arsenious  acid.  On  boiling  it  with  water,  a 
splendid  red  solution  is  obtained,  and  a  dark  resinous  or  pitchy  mass  is  left.  If 

*  Aniline  derives  its  name  from  anil,  the  Portugueso  for  indigo,  from  which  it  may  bo 
obtained  Toy  distillation  with  potash, 
t  French  for  marsh-mallow-,  in  allusion  to  the  colour  of  the  flower. 
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common  salt  be  added  to  tlie  red  solution  as  long  as  it  is  dissolved,  the  bulk  of  the 
colouring  matter  is  precipitated  as  a  resinous  mass,  which  may  be  purified  from 
certain  adhering  matters  by  drying  and  boiling  with  coal  naphtha.  The  red  colour- 
ing matter  is  a  combination  of  arsenic  acid  with  a  colourless  organic  base,  which  has 
been  called  rosaniline,  and  has  the  composition  C^oHijN,  .  2H0  (atomic  formula, 
^au-^ia-^a  •  HjO).  If  the  red  solution  of  arseniate  of  rosaniline  be  decomposed  with 
hydrate  of  lime  suspended  in  water,  a  pinkish  precipitate  is  obtained,  which  consists 
of  rosaniline  mixed  with  arseniate  of  lime,  and  the  solution  entirely  loses  its  red 
colour. 

By  treating  the  precipitate  with  a  small  quantity  of  acetic  acid,  the  rosaniline  is 
converted  into  acetate  of  rosaniline  (C^„H,gN3,  HO  .  G^R^O^),  forming  a  red  solution, 
which  may  be  filtered  ofl:'  from  the  undissolved  arseniate'  of  lime.  On  evaporating 
the  solution  to  a  small  bulk,  and  allowing  it  to  stand,  the  acetate  is  obtained  in 
crystals  which  exhibit  the  peculiar  green  metallic  lustre  of  the  wing  of  the  rose- 
beetle,  characteristic  of  the  salts  of  rosaniline.  This  salt  is  the  commonest  com- 
mercial form  of  Magenta  ;  its  colouring  power  is  extraordinary,  a  very  minute  particle 
imparting  a  red  tint  to  a  large  volume  of  water.  Silk  and  wool  easily  extract  the 
whole  of  the  colouring  matter  from  the  aqueous  solution,  becoming  dyed  a  fast  and 
brilliant  crimson ;  cotton  and  linen,  however,  have  not  so  strong  an  attraction  for  it, 
so  that  if  a  pattern  be  worked  in  silk  upon  a  piece  of  cambric,  which  is  then  im- 
mersed in  a  solution  of  Magenta  and  afterwards  washed  in  hot  water,  the  colour 
will  be  washed  out  of  the  cambric,  but  the  red  silk  pattern  will  be  left. 

If  a  boiling  solution  of  the  acetate  of  rosaniline  be  mixed  with  excess  of  ammonia, 
the  bulk  of  the  rosaniline  will  be  precipitated,  but  if  the  solution  be  filtered  while 
hot,  it  deposits  colourless  needles  of  rosaniline,  which  become  red  when  exposed  to 
the  air,  from  absorption  of  carbonic  acid,  and  formation  of  the  red  carbonate  of 
rosaniline. 

Water  dissolves  but  little  rosaniline ;  alcohol  dissolves  it  abundantly,  forming  a 
deep  red  solution.  Eosaniline  forms  two  classes  of  salts  with  acids,  those  with  one 
equivalent  of  acid  {monacid  salts)  being  crimson,  and  those  with  three  equivalents 
(triacid  salts)  having  a  brown  colour.  Thus,  if  colourless  rosaniline  be  dissolved  in 
a  little  dilute  hydrochloric  acid,  a  red  solution  is  obtained,  which  contains  the 
monacid  hydrochlorate  of  rosaniline,  C^(,]SrigH,5 .  HOI ;  but  if  an  excess  of  hydro- 
chloric acid  be  added,  the  red  colour  disappears,  and  a  brown  solution  is  obtained, 
from  which  the  triacid  hydrochlorate,  C^oHjgNa  .  3HG1,  may  be  crystallised  in  brown- 
red  needles. 

For  experimental  illustration  of  the  properties  of  rosaniline,  the  liquid  obtained 
by  boiling  a  solution  of  the  acetate  with  a  slight  excess  of  lime  diffused  in  water, 
and  filtering  while  hot,  is  very  well  adapted.  This_ solution  has  a  yellow  colour, 
and  may  be  preserved  in  a  stoppered  bottle  without  alteration.  If  air  be  breathed 
into  it  through  a  tube,  the  liquid  becomes  red  from  production  of  carbonate  of 
rosaniline.  Characters  painted  on  paper  with  a  brush  dipped  in  the  solution  are 
invisible  at  first,  but  gradually  acquire  a  beautiful  rose  colour. 

"When  the  red  solution  of  hydrochlorate  of  rosaniline  is  slightly  acidified  with 
hydrochloric  acid  and  placed  in  contact  with  zinc,  the  solution  becomes  colourless, 
the  rosaniline  acquiring  two  equivalents  of  hydrogen,  and  becoming  leiicaniline  (from 
Asuxof,  white)  CjjgHjjNg,  the  hydrochlorate  of  which  (C^^Hj^Na  .  3HC1)  forms  a 
colourless  solution.  Oxidising  agents  reconvert  the  leucaniline  into  rosaniline.  It 
has  been  observed  that  ptire  aniline  does  not  yield  aniline-red  when  heated  witli 
corrosive  sublimate  or  arsenic  acid,  it  being  necessary  that  it  should  contain  another 
organic  base,  toluidine  (Cj^HgN),  which  is  derived  from  toluole  (C|^Hg)  in  the  same 
way/ in  which  aniline  is  derived  from  benzole.  Since  the  benzole  obtained  from 
coal  naphtha  almost  invariably  contains  toluole,  the  aniline  obtained  from  it  is  very 
seldom  free  from  toluidine.  Wliat  share  the  toluidine  has  in  the  production  of  the 
red  colour  is  not  understood,  but  if  the  aniline  bo  prepared  with  benzole  derived 
from  benzoic  acid,  and  therefore  free  from  toluole,  no  red  is  obtained.  A  mixture  of 
70  parts  of  toluidine  witli  80  of  aniline,  is  said  to  answer  best  for  the  preparation  of 
the  red  and  violet  colouring  matters.  Such  a  mixture  would  contain  two  equivalents 
of  toluidine  (C,4HgN)  and  one  equivalent  of  aniline  (Oi^HyN),  or  C^gll  No,  only 
requiring  the  removal  of  H„  by  an  oxidisiJitagont  to  yield  rosaniline  O^yH, 'N„. 

Aniline-yellow  or  chrysaniline  (from  xf'^<^^'>i<  golden)  is  found  among  the  secoiidarv 
products  obtained  iu  the  preparation  of  aniline-red.  It  forms  a  bri<'ht  yellow 
powder  resembling  chrome-yellow,  and  having  the  composition  C  II  "^N  It  is 
nearly  insoluble  in  water,  but  dissolves  in  alcohol.    Ohrysaniliuo' has' biisic  pro 
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perties,  and  dissolves  in  acids,  forming  salts.  On  dissolving  it  in  diluted  hydro- 
chloric  acid,  and  mixing  the  solution  with  the  concentrated  acid,  a  scarlet  crystalline 
precipitate  of  hydrochlorate  of  chrysaniline  .  2HC1)  is  obtained,  which  is 

insoluble  in  strong  hydrochloric  acid,  but  very  soluble  in  water.  A  characteristic 
feature  of  chrysaniline  is  the  sparing  solubility  of  its  nitrate.  Even  from  a  dilute 
solution  of  the  hydrochlorate,  nitric  acid  precipitates  the  nitrate  of  chrysaniline 
(C,„H,, No.  HO.  NO5)  in  ruby-red  needles.  , 

Aniline-blue  is  produced  when  a  salt  of  rosanilme  (the  commercial  acetate,  lor 
example)  is  boiled  with  an  excess  of  aniline,  which  converts  the  rosauiliue 
(C,„H„N„)  into  triphenylic  rosaniline  (O^^B.^,  (CiaHJjNj),  which  may  be  regarded  as 
having  been  formed  by  the  introduction  of  three  equivalents  of  the  hypothetical 
radical  phenyle  (C^^B.^)  in  place  of  three  equivalents  of  hydrogen,  the  latter  having 
been  evolved  in  the  form  of  ammonia — 

C,oH,3N,.H01  +  3[(C^,H,)  H,N]  =  G,,I1,,  {G,,R,\}^,.I1GI  +  SNH^. 
Hydrochlorate  of  Aniline.  Hydroclilorate  of 

rosamliue.  triphenyllc  rosanUine. 

The  hydrochlorate  is  an  ordinary  commercial  form  of  aniline-blue ;  it  has  a  brown 
colour,  refuses  to  dissolve  in  water,  but  yields  a  fine  blue  solution  in  alcohol.  If  it 
be  dissolved  in  an  alcoholic  solution  of  ammonia,  the  addition  of  water  causes  a  white 
precipitate  of  the  hydrated  base,  triphenylic  rosaniline,  C^oHi|.(Ci2H5)3N3 .  2H0, 
which  becomes  bluish  when  washed  and  dried. 

Just  as  rosaniline  yields  leucaniline  when  acted  on  with  nascent  hydrogen,  so 
triphenylic  rosaniline  yields  triphenylic  leucaniline  (C4oHi8(Ci2Hj)3N3) ;  this  is  not 
basic  like  leucaniline,  but  a  colourless  neutral  substance,  which  is  reconverted  into 
blue  by  oxidising  agents.  Compounds  corresponding  to  triphenylic  rosaniline,  but 
containing  methyle,  ethyle,  or  amyle  in  place  of  phenyle,  are  obtained  by  digesting 
rosaniline  with  the  iodides  of  these  radicals,  at  a  high  temperature,  in  sealed  tubes. 
Thus,  by  the  action  of  iodide  of  ethyle  (C4HgI)  upon  rosaniline,  a  blue  crystalline 
body,  insoluble  in  water  but  soluble  in  alcohol,  is  obtained,  which  is  a  compound  of 
ethyle  with  triethylic  rosaniline;  C4gHij(04H5)3N3 . 

0,oH,,N3  +  40^1  =  C,oH,,(C,H,)3N3.C3H,I  +  SHI. 

Rosauiline.  Ethyl-iodate  of 

tri-ethyl-rosaniline. 

Aniline-violet  appears  to  be  formed  in  a  similar  manner.  Other  compounds  have 
been  obtained  from  aniline,  presenting  almost  every  variety  of  colour.  A  yreen  dye 
is  prepared  by  the  action  of  a  mixture  of  hydrochloric  acid  and  chlorate  of  potash 
upon  aniline,  and  under  particular  conditions  a  blade  may  be  obtained  with  the  same 
agents.    Another  green  has  been  made  by  acting  upon  Magenta  with  aldehyde. 

When  a  solution  of  acetate  of  rosaniline  is  treated  with  cyanide  of  potassium,  it 
gradually  loses  its  red  colour,  and  deposits  a  white  crystalline  precipitate  of  a  base 
which  has  been  termed  hydrocyan-rosaniline,  having  the  formula  C^jHgoN^,  and  con- 
tains the  elements  of  rosaniline  and  hydrocyanic  acid ;  but  this  acid  cannot  be 
detected  in  it  by  the  ordinary  tests,  leading  to  the  belief  that  the  new  base  should 
be  regarded  as  leucaniline  (C^oHgiNj),  in  which  one  equivalent  of  hydrogen  is  re- 
placed by  an  equivalent  of  cyanogen '(C^^Hao  (CgN)  N,).  The  hydrocyan-rosaniline 
is  almost  insoluble  in  water,  and  sparingly  soluble  m  boiling  alcohol.  U  hen 
precipitated  from  its  salts  by  adding  an  alkali,  it  becomes  pink  on  exposure  to  sun- 
shine. 

The  present  extensive  application  of  aniline  to  the  manufacture  of  these 
dyes  affords  a  most  striking  example  of  the  direct  utility  of  pure  chemistry 
to  the  arts,  for  only  ten  or  a  dozen  years  ago,  the  name  of  tliis  substance 
was  not  known  to  any  hut  scientific  chemists,  whilst  at  present  many 
tons  are  annually  consumed  to  supply  the  wants  of  the  dyers  of  silk  and 
wooUen  goods. 

337.  Anilme  ranks  as  a  powerful'  organic  hase,  comhming  readily  Avith 
acids-  to  form  salts  which  are,  generally  speaking,  easily  crysttdlised.  Like 
ammonia,  it  unites  directly  with  the  hydrated  acids,  without  any  separation 
of  water ;  thus,  the  formula  for  sulphate  of  aniline  is  CuH-N .  HO .  SO^, 
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just  as  ttat  for  sulphate  of  ammonia  is  NH3.HO.SO3.  With  the 
liydrogen  acids,  also,  aniline  unites  like  ammonia,  for  hydroclilorate  of 
aniline  is  C,2HjN .  HCl,  and  hydroclilorate  of  ammonia,  NPI.^ .  HCl ; 
and  exactly  as  the  addition  of  potash  to  the  salts  of  ammonia  causes  the 
separation  of  ammoniacal  gas,  so  when  added  to  the  salts  of  aniline,  it 
precipitates  that  base  in  the  form  of  oily  drops,  wliich  render  the  liquid 
milky.  This  resemblance  in  disposition  between  aniline  and  ammonia 
leads  to  the  impression  that  they  must  be  moulded  after  a  common  type, 
and,  accordingly,  aniline  is  often  represented  as  formed  from  ammonia 
(NH3)  by  the  substitution  of  the  compound  radical  phenyle  (CjjHj)  for  an 
equivalent  of  hydrogen,  and,  upon  this  supposition,  is  teicmedjphemjlmnine, 
NH,(C.,H.)  =  C„H.N. 

This  view  of  the  constitution  of  aniUne  is  supported  by  the  circiimstance 
of  its  formation  when  phenic  or  carbolic  acid  is  heated  with  ammonia  in 
a  tube  hermetically  sealed ;  for  there  is  reason  to  believe  that  this  acid, 
mentioned  above  as  one  of  the  chief  acid  products  of  the  destructive 
distillation  of  coal,  is  a  hydrated  oxide  of  phenyle  (0^.3115)0 .  HO,  and 
its  action  upon  ammonia  would  then  be  clearly  explained  by  the 
equation — 

(C,,H,)O.HO    4-    NH3    =    2H0    +  NH,(C,,H^) 

Aniline  or 


Phenic  acid. 


phenylamine. 


When  aniline  is  dissolved  in  alcohol  and  acted  on  by  nitrous  acid,  two  equivalents 
of  it  lose  three  equivalents  of  (monatomic)  hydrogen,  and  acquire,  in  their  stead,  one 
equivalent  of  (triatomic)  nitrogen,  depositing  a  yellow  compound,  which  has  been 
called  diazoamidobenzole— 

2Ci2HyN    +    NO3    =    Cj^HnNj    +  3H0. 
Aniline.  Diazoamidobenzole. 

When  the  nitrous  acid  acts  upon  a  hot  solution,  a  base  is  formed  isomeric 
with  the  above,  and  called  amido-diphenylimide,  which  is  identical  with  a  yellow 
colouring  matter  obtained  by  the  action  of  stannate  of  soda  upon  a  salt  of  aniline.  Its 
slightly  acid  solutions  impart  an  intensely  yellow  colour  to  silk  or  wool,  which  is 
removed  by  heat,  the  base  being  volatile.  The  action  of  nitrous  acid  on  aniline 
affords  an  example  of  a  general  method  of  producing  compounds  in  which  nitrogen 
is  substituted  for  hydrogen. 

Accompanying  the  aniline  in  coal  tar,  there  are  found  three  other  bases, 
viz.,  pyridine,  picoline,  and  quinoUne.  It  will  be  seen  that  picoHne 
(C,„H.N)  is  isomeric  with  aniline,  from  which,  however,  it  differs  in  a  very 
striking  manner,  for  its  salts  are  by  no  means  easily  crystallisable,  and  it 
furnishes  no  violet  colour  with  oxidising  agents,  such  as  chloride  of  lime. 
PicoHne  occurs  among  the  products  of  the  distillation  of  bones.  Quino- 
line  is  also  formed  when  some  of  the  vegetable  alkaloids  are  distilled 
with  hydrate  of  potash. 

338.  The  other  constituents  of  the  light  coal  naphtha,  viz.,  toluole, 
xylole,  and  isocumole,  though  not  so  important  as  benzole,  on  account  of 
their  practical  applications,  stand  in  a  highly  interesting  relation  to  it  and 
to  each  other. 

These  four  liquids  are  members  of  a  homologous  series,  that  is,  of  a  series 
the  members  of  toldch  differ  by  the  same  number  of  equivalents  of  the 
same  elements.  Thus,  toluole  {G^J1^  is  seen  to  contain  C^Hj  more  than 
benzole  (Cj.,H„),  just  as  isocumole  (C,  JT,„)  contains  C.H^  more  than  xylole 
(C|„H,„).  On  reference  to  the  table  at  p.  450,  it  will  bo  seen  that  the 
boiling  points  of  the  members  of  this  series  are  raised  54°  F,  for  each 
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addition  of  C^H,.  Thus,  xylole  (C,„H,„)  boils  at  284°  or  54°  higher  than 
toluole  (Ci,H,),  which  boHs  at  230°,  whilst  benzole  (CM  boils  at  54 

below  this,  or  176°.  ^  ,    -.i  .i  n 

The  members  of  this  group  are  also  intimately  connected  with  those  ot 
another  homologous  series,  known  as  the  aromatic  acidi>,  includmg — 

Benzoic  acid,    .       .  C^^HgO^ 

Toluicacid,     .       .  CjoHgO^ 

Cuminic  acid,  .       .    CgoHijOj . 

By  distilling  each  of  these  acids  with  hydrate  of  baryta,  the  correspond- 
ing hydrocarbon  is  obtained,  two  equivalents  of  carbonic  acid  bemg 
removed  by  the  baryta  ;  thus, 

Ci.HA    -     2C0,    =  C,,H3. 

Benzoic  Benzole; 
acid. 

The  similarity  between  this  decomposition  and  that  by  which  marsh- 
gas  (C,Hj)  is  derived  from  acetic  acid  (GJIfi^)  wiU  be  at  once  apparent 
(see  p.  88).  .  . 

Each  member  of  this  series  of  hydrocarbons,  when  acted  upon  by  mtric 
acid,  yields  a  nitro-compound  corresponding  in  composition  to  nitro- 
benzole,  and  this,  under  the  influence  of  reducing  agents  (such  as  acetate 
of  iron,  or  the  hydrosulphate  of  an  alkaline  sulphide)  yields  a  base  homo- 
logous with  aniline. 

Thus  we  have  the  three  following  homologous  series  : — 


Hydiocarbon. 
Benzole,  CjjHg* 
Toluole,  Oj^Hs 
Xylole,  CieHjo 


Nitro-compound. 
Nitrobenzole,  Ci2HgN04 
Nitrotoluole,  Ci^H^NO^ 
Nitroxylole,  CjgHgNO^ 


Base. 


Aniline,  C12H7N 
Toluidine,  Ci^HgN 
Xylidine,  C^HuN 


339.  Carbolic  or  pJieiiic  acid,  or  pJi&nole  {C,^f>,^,  derives  its  interest 
chiefly  from  its  constituting  a  great  part  of  the  ordinary  commercial 
kreasote  (from  Kpim,  flesh,  and  o-^Cw,  to  jn-eserve).  It  is  also  present  ia 
cow's  urine,  and  in  that  of  some  other  animals.  It  is  found  chiefly  m 
the  heavy  or  dead  oil  of  coal  tar  (p.  452),  particularly  in  that  portion 
which  distils  over  between  300°  and  400°  F.,  when  the  oil  is  submitted  to 
fractional  distillation,  and  it  appears  to  be  the  carbolic  acid  which  confers 
upon  this  heavy  oil  its  valuable  antiseptic  properties,  leading  to  its  em- 
ployment for  the  preservation  of  wood  from  decay. 

In  order  to  extract  tlie  acid  from  that  portion  of  tlie  dead  oil  which  distils  he- 
tween  300°  and  400°  F.,  it  is  shaken  with  a  hot  concentrated  solution  of  hydrate  of 
potash  and  some  solid  hydrate  of  potash.  A  white  crystalline  mass  is  deposited, 
which  is  separated  from  the  liquid  portion  and  treated  with  a  little  water,  when  a 
solution  of  carbolate  of  potash  is  obtained.  This  is  separated  from  a  quantity  of 
oil  which  iloats  above  it,  and  decomposed  with  hydrochloric  acid,  when  the  carbolic 
acid  separates  as  an  oily  layer  upon  the  surface.  This  is  drawn  off,  digested  with 
a  little  fused  chloride  of  calcium  to  remove  the  water,  and  distilled.  The  distilled 
liquid,  when  exposed  to  a  low  temperature,  solidifies  to  a  mass  of  long  colourless 
needles,  which  are  liquefied  even  by  the  warmth  of  the  hand  (93°  F.) 

CarboHc  acid  has  the  peculiar  taste  and  smell  of  kreasote.  It  dissolves 
sparingly  in  water,  but  readily  in  alcohol.   When  a  piece  of  deal  is  wetted 

*  An  equivalent  of  each  of  these  hydi-ocarbons,  in  the  state  of  vapour,  occupies  4  vols., 
that  is,  four  times  the  volume  occupied  by  an  equivalent  of  o.xygen  at  the  same  tenipera.- 
tiiro  and  prcsauve. 
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with  soliition  of  carbolic  acid,  and  afterwards  with  hydrochloric  acid,  it 
becomes  hlue  on  di'ying. 

The  genuineness  of  a  commercial  sample  of  carbolic  acid  may  be  tested  by  shak- 
ing about  a  drachm  of  it  with  lialf  a  pint  of  warm  water,  which  will  dissolve  the 
pure  acid  entirely,  but  will  leave  any  "  dead  oil  "  undissolved.  A  solution  of  one 
part  of  caustic  soda  in  ten  parts  of  water  should  dissolve  five  parts  of  pure  carbolic 
acid. 

When  carbolic  acid  is  shaken  witli  one-fourth  of  its  weight  of  water,  and  exposed 
to  a  temperature  of  39°  F.,  it  deposits  six-sided  prismatic  crystals  of  a  hydrate, 
CjoHgOj  .  HO,  which  is  soluble  in  water,  alcohol,  and  ether,  and  fuses  at  61°  F. 

The  acid  properties  of  carbolic  acid  are  of  a  very  feeble  and  doubtful  character. 
It  is  more  properly  regarded  as  phenylic  alcohol  or  hydrated  oxide  of  phenylc, 
0„H,0 .  HO. 

Carbolic  acid  is  very  largely  used  as  an  antiseptic  agent.  In  medicine 
it  is  found  very  valuable,  especially  for  the  treatment  of  putrid  sores  ; 
and,  in  admixture  with  sulphite  of  lime,  it  forms  the  substance  known  as 
MacDougcdVs  dismfectant. 

340.  Carbazutic  acid. — ^When  carbolic  acid  is  boiled  with  fuming  nitric 
acid,  the  solution,  on  cooling,  deposits  beautiful  yellow  crystals  of  carba- 
zotic  or  j9ic?7C  acid,  also  called  Mnitroplienic  or  nitroplienisic  acid,  be- 
cause it  appears  to  be  formed  from  phenic  acid  by  the  substitution  of 
3N0^  for  Hj,  just  as  nitrobenzole  is  formed  from  benzole  by  the  substitu- 
tion of  NO,  for  H. 

The  composition  of  picric  acid,  upon  this  view,  would  be  expressed  by 
the  formula  HO .  Ci2H.2(N04).jO,  the  equivalent  of  water  being  capable  of 
displacement  by  a  base,  forming  a  picrate  or  carbazotate ;  thus  if  the  acid  be 
added  to  a  solution  of  potash,  a  yellow  precipitate  of  carbazotate  of  potash, 
KO .  C,„H.,(N04)30,  is  obtained,  which  has  led  to  the  employment  of  this 
acid  as  a  test  for  potash. 

Carbazotic  acid  is  not  easily  soluble  in  water,  but  dissolves  readily  in 
alcohol.  Its  solutions  have  the  property  of  staining  the  skin  and  other 
organic  matters  yellow,  which  is  turned  to  advantage  by  the  silk-dyer. 
The  intensely  bitter  taste  of  the  acid  has  also  led  to  its  emjjloyment  for 
the  adulteration  of  beer,  to  simulate  the  bitter  of  the  hop. 

Carbazotic  acid  is  a  very  common  product  of  the  action  of  nitric  acid 
upon  organic  substances ;  indigo,  silk,  and  many  resins  furnish  it  in  con- 
siderable quantity.  It  is  economically  obtained  in  a  pui-e  state  by  the 
action  of  nitric  acid  upon  Botany  Bay  gum,  but  considerable  quantities 
are  manufactured  for  the  dyer  by  treating  the  crude  carbolic  acid  from 
coal  tar  with  nitric  acid.  Carbazotic  acid,  as  might  be  anticipated  from 
its  composition,  explodes  when  sharply  heated,  its  carbon  and  hydrogen 
being  oxidised  by  the  nitric  peroxide. 

When  carbazotic  acid  is  distilled  with  chloride  of  hme,  it  yields  a  heavy 
colourless  oil  having  a  very  pungent  odour  of  mustard,  and  boiling  at 
248°  r.*  This  substance  has  been  called  chlorox>icrine,  and  has  the  re- 
markable formula  C.,Cl3(lSr04),  which  may  be  represented  as  formed  upon 
the  type  of  marsh-gas,  C^H,,  in  which  three  equivalents  of  the  hydrogen 
are  replaced  by  chlorine,  and  the  fourth  by  nitric  peroxide.  Chloro- 
picrine  is  frequently  met  with  among  the  products  of  the  action  of  chlor- 
inating agents  upon  organic  substandSfe.  It  is  almost  insoluble  in  water, 
but  dissolves  easily  in  alcohol  and  ether. 

When  an  alcoholic  solution  of  chloropicrino  is  acted  on  by  sodium,  it 

•  233°-G  (Hofmann). 
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yields  the  subcarbonate  of  etliyle,  and  when  treated  with  cyanide  of  potas- 
sium, it  exchanges  two  eqmvalents  of  chlorine  for  two  of  cyanogen,  form- 
ing an  unstable  dark  red  semi-fluid  substance,  having  the  composition 
C2ClCy.,(N0J,  Avhich  may  be  regarded  as  derived  from  marsh  gas  (C^H,) 
by  the  'substitution  of  two  equivalents  of  cyanogen,  one  equivalent  of 
chlorine,  and  one  equivalent  of  nitric  peroxide,  for  the  four  equivalents  of 
hydrogen. 

It  wiU  be  instructive  to  compare  the  composition  of  the  most  important 
members  of  the  phemjle  series,  as  that  group  of  organic  compounds  is 
termed,  which  are  derived  from  the  hypothetical  radical  phenyle  (C^^Hj) — 
Benzole  or  hydride  of  phenyls,     .  H(0]2H5) 
Aniline  or  phenylamine,       .       .  NH2(C]2H5) 
Phenicacid,         ....       HO .  (CiaH^p 
Trinitrophenic  or  picric  acid,       .       HO  .  [Ci2H2(N04)3]0  . 
It  is  evident  that  whilst  aniline  may  be  regarded  as  ammonia  in  which 
the  hypothetical  phenyle  is  substituted  for  an  equivalent  of  hydrogen, 
phenic  acid  can  be  represented  as  formed  from  two  equivalents  of  water 
by  the  substitution  of  phenyle  for  half  the  hydrogen,  and  benzole  may  be 
represented  as  a  molecule  of  hydrogen,  HH,  in  which  one  of  the  atoms  is 
replaced  by  phenyle. 

Some  specimens  of  the  kreasote  found  in  commerce  boil  at  a  higher 
temperature  than  carbolic  acid ;  this  is  due  to  the  presence  of  kresijlic 
acid  (Ci^HgOj),  corresponding  to  carbolic  acid,  but  regarded  as  containing 
the  hypothetical  radical  kresyle  (Cj^Hj)  in  place  of  phenyle.  The  analogy 
in  composition  is  attended  with  a  resemblance  in  properties,  for  kresyhc 
acid  has  the  same  antiseptic  property  as  carbolic  acid,  and  is  applicable  to 
similar  purposes.  When  acted  on  by  nitric  acid,  it  yields  trinitrokresijlic 
acid  (HO  .  C,4H^(]SrO^)30),  just  as  carboUc  acid  gives  trinitrophenic  acid 
(HO  .  C,,H,(N0,)30). 

341.  Naphtlialine. — The  most  prominent  constituent  of  the  heavy  oil 
of  coal  tar  is  the  napthahne,  which  is  easily  procured  in  a  pure  state  from 
the  portions  obtained  at  the  close  of  the  distillation,  by  simply  pressing 
the  semisolid  mass  to  remove  any  liquid  hydrocarbons,  and  boiling  with 
alcohol,  from  which  the  naphthaline  crystallises  on  cooKng  in  brilliant 
pearly  flakes,  which  may  be  still  further  purified  by  the  process  of  sub- 
limation. 

In  itself  naphthaline  is  not  very  interesting,  being  a  remarkably  indiffer- 
ent substance,  but  it  has  been  made  the  subject  of  several  beautifid  in- 
vestigations  which  have  thrown  much  light  upon  the  action  of  chemical 
agents  on  organic  compounds  in  general. 

The  most  important  of  these  researches  is  that  upon  the  action  of 
chlorine  and  bromine  on  naphthaline,  which  originated  the  now  universally 
accepted  doctrine  of  substitution,  and  fully  established  the  fact,  that  an 
element  may  be  replaced  in  a  given  compound  by  an  equivalent  quantity 
of  another  element  of  a  totally  different  chemical  character. 

Thus,  by  the  action  of  chlorme  upon  naphthaline,  tlie  hydrogen  is  re- 
moved in  the  form  of  hydrochloric  acid,  and  there  are  obtained  six 
new  compounds  by  the  progressive  substitution  of  chlorine  for  the 
hydrogen,  which  Laurent  distinguished  by  names  indicatuig  the  niimber 
of  equivalents  of  chlorine  present  by  means  of  the  different  vowels  in  the 
last  syllable,  introducing  a  new  penultimate  syllable  when  the  vowels 
were  exhausted,  as  will  be  seen  in  the  following  list  : — 
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Naphthaline,  .  .  Cggllg 

Cblonaphtase,  .  C20H7CI 

Chlouaphtese,  .  CjoH^Cln 

Chlonaphtise,  .  G^^E^Gll 

Chlonaphtoso,  .  CjuH^Cl^ 


Chlonaphtuse,       .  Wanting 

Chlonaphth.alase,  .  C^oH^Cl, 

Chlonaphthalese,  .  Wanting 

Clilonaphthalise,   .  C^gClg  . 


It  will  Le  observed  that  the  original  naphthaline  type  is  here  preserved 
throughout,  the  sum  of  the  equivalents  being  always  28,  and  the  number 
of  carbon  equivalents  20. 

One  of  the  most  imexpected  results  of  Laui-ent's  investigation  was  the 
tliscovery  that  some  of  these  compounds  may  be  obtained  in  several  dis- 
tinct forms  or  modifications,  which  are  isomeric,  or  have  the  same  compo- 
sition, but  exhibit  very  different  properties.  Thus,  there  are  seven  varieties 
of  clilonaphtese,  all  containing  C^oH^Cl^,  and  yet  differing  from  each  other 
as  much  as  substances  not  having  the  same  composition.  Two  of  them 
are  liquids,  and  the  five  solid  forms  all  fuse  at  different  temperatures, 
ranging  between  88°  and  214°  F.  Seven  different  forms  of  chlonaphtise 
likewise  exist,  and  four  of  chlonaphtose. 

To  account  for  this,  Laurent  supposed  it  to  be  by  no  means  indiiferent 
Avhich  particle  of  hydrogen  has  been  removed  from  the  compound,  believing 
each  to  have  its  assigned  place  and  specific  function.  Thus  it  may  easily 
be  conceived  that  the  replacement  of  different  particles  of  hydrogen  by 
chlorine  should  give  the  seven  modifications  of  clilonaphtese— 

Naphthaline,  C20HHHHHHHH 
Clilonaphtese  a,  C,„C1C1HHHHHH 
Chlonaphtese  yS,  C^oHHClClHHHH 

and  so  on.  Other  more  recent  investigations  have  given  greater  proba- 
bility to  this  hypothesis. 

Bromine,  as  might  be  anticipated,  yields  results  similar  to  those  with 
chlorine ;  but  it  could  not  have  been  predicted  that  substitution  com- 
poimds  might  be  obtained  in  which  one  part  of  the  hydrogen  is  replaced 
by  chlorine  and  the  other  by  bromine.  Thus,  by  acting  upon  a  chlorine 
substitution  compound  with  bromine,  or  vice  versa,  the  following  sub- 
stances were  produced  :* — 

Chlorebronaphtise,  CjgHjCljBr 

Chlorebronaphtose,  CjoH^GljBrj 

Chloribronaphtose,  C^uH^ClgBr 

Bromechlonaphtuse,  C2oH3Br2Cl3 

Bromachlonaphtose,  OjoH^BrClg  * 

It  will  be  observed  that  chloribronaphtose  and  bromachlonaphtose  have 
the  same  composition,  though  they  possess  different  properties,  and  are 
obtained  in  very  different  ways,  the  former  being  procured  by  the  action  of 
bromine  on  chlonaphtise  (C^nH.Cl,),  and  the  latter  by  the  action  of  chlorine 
upon  bronaphtese  (C^^IIJjt^).  Another  confirmation  is  thus  obtained  of 
the  belief,  that  upon  the  position  of  the  hydrogen  which  is  roi^laced, 
depends  the  character  of  the  residting  compound. 

jN'aphthaline  is  capable  of  direct  union  with  chlorine  to  form  two 
chlorides  of  naphthal.'me,  having  the  formula;  G.^J:l^C\  and  C^uHgCl^, 

*  In  naming  these  compminrls,  Laurent  proceeded  iipon  the  same  principle.  Tlie  vowel 
imniecliately  after  the  syllable  chlor-  or  In-om-,  indicating  the  nunilier  of  equivalents  of  tliat 
element,  whilst  the  vowel  in  the  last  syllabic  shows  how  many  equivalents  of  hydrogen 
have  been  replaced.  The  name  begins  with  cldnr-  when  the  compound  has  been  obtained 
by  the  action  of  bromine  upon  a  chlorine  substitution  product,  and  vice  versA. 
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wliich  may  otviously  be  regarded  as  composed  of  substitution  products 
combined  -witb  hydrochloric  acid.  ^ 

When  acted  upon  by  nitric  acid,  naphthaline  furnishes  three  substitu- 
tion products,  in  which  one,  two,  and  three  equivalents  of  hydrogen  are 
replaced  by  NO^ ;  and  each  of  these  compounds,  under  the  influence  of 
reducing  agents,^  yields  a  base,  just  as  nitrobenzole,  under  similar  treat- 
ment, yields  aniline. 

By  prolonging  the  action  of  boiling  nitric  acid  upon  naphthaline 
and  evaporating  the  solution,  crystals  of  ncqolithalic  or  phtlialic  acid, 
2H0 .  CigH^Og,  are  obtained,  which  may  be  rendered  anhydrous  by  subli- 
mation. "Through  this  acid,  naphthaline  is  connected  with  the  phenyle 
series;  for  when  phthalic  acid  is  heated  with  lime,  it  is  resolved  into 
carbonic  acid  and  benzole — 

2H0.CieHA    +    4CaO    -    C,,H,    +  4(CaO.CO.,). 

Phthalic  acid.  Benzole. 

Moreover,  by  digesting  phthalate  of  lime  with  hydrate  of  lime  at  an 
elevated  temperature  for  several  hours,  it  is  converted  into  benzoate  and 
carbonate  of  lime — 

2CaO.C,,Hp„  -1-  CaO.HO  =  CaO.C„HA  +  2(CaO .  CO,). 

Phthalate'of  lime.  Benzoate  of  Ihne. 

ParanapMlialine,  CgoHj^,  which  is  found  among  the  last  products  of  the 
distillation  of  coal  tar,  and  has  the  same  percentage  composition  as  naph- 
thaline, differs  from  that  substance  in  being  almost  insoluble  in  alcohol, 
and  fusing  only  at  356°  F.,  whilst  naphthaline  fuses  at  174°  F._ 

CJirysene  and  p^jrene  are  obtained  at  the  close  of  the  distillation  of  coal 
tar  ;  they  are  crystalline  solids  not  possessing  any  special  importance,  and 
have  also  been  observed  among  the  products  of  the  destructive  distillation 
of  fatty  and  resinous  bodies. 


DESTKUCTIVE  DISTILLATION  OF  WOOD. 

342.  The  destructive  distillation  of  wood  may  be  advantageously 
studied  in  order  to  gain  an  insight  into  the  effects  of  heat  upon  organic 
substances  comparatively  free  from  nitrogen,  just  as  that  of  coal  may  serve 
as  a  general  illustration  of  the  behaviour  of  nitrogenised  bodies  under 

similar  treatment.  -,    j.      i  .         •  i. 

The  principal  distinction  between  the  two  cases  wiU  be  found  to  consist 
in  the  absence  of  basic  substances  from  the  products  of  the  distiUation  of 
non-nitrogenised  bodies. 

All  varieties  of  wood  (freed  from  sap)  consist  essentially  ot  cellulose, 
lignine,  and  mineral  substances  or  ash.  The  cellulose  (C,,H,nO,o)  com- 
poses the  wood-ceUs,  and  is  therefore  the  most  important  constituent  ol 
the  wood,  the  lignine  being  the  material  with  which  these  cells  are  hned, 
and  which  appears  to  have  a  great  influence  upon  the  hardness  of  woods, 
being  more  abundant  in  the  harder  varieties,  and  particularly  m  sucli 
hard  appendages  as  nut-shells.  Lignine  is  far  more  easily  dissolved  by 
alkalies  than  cellulose,  which  is  scarcely  afitcted  by  them,  but  it  has  not 
hitherto  been  found  possible  to  isolate  the  lignine  in  a  state  of  purity  lor 
the  purpose  of  determining  its  exact  composition,  since  it  is  always  accom- 
panied in  the  wood  by  resinous  matters,  giving  rise  to  the  difierences  of 
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cololu-  in  woods,  and  by  a  small  quantity  of  nitrogonised  matter,  and  of 
ash  deposited  with,  it  from  the  sajD. 

The  following  results  of  the  analysis  of  several  woods  will  exhibit  their 
general  correspondence  in  composition  : — 

Wood  dried  in  vacuo  at  284°  F. 


Beech. 

Oak. 

Birch. 

Aspen. 

WiUow. 

Carbon  

Hydrogen, .... 

Oxygen  

Nitrogen,  ...  1 
Sulphur,    ...  J 
Ash,  

49-46 
5-96 
42-36 

1-22 

1-00 

49.58 
5-78 
41-38 

1-23 

203 

50-29 
6-23' 
41-02 

1-43 

1-03 

49-26 
6-18 
41-74 

0-  96 

1-  86 

49-93 
6-07 
39-38 

0-95 

3-67 

10000 

100-00 

10000 

100-00 

100-00 

Cellulose  in  a  nearly  pure  condition  constitutes  cotton,  linen,  and  the 
best  kinds  of  (unsized)  paper,  smce  the  processes  to  which  the  woody 
fibre  is  subjected  in  the  preparation  of  these  materials,  destroy  and 
separate  the  less  resistant  lignine  and  the  matters  which  accompany  it. 

On  comparing  the  composition  of  wood  with  that  of  coal,  it  will  be 
obvious  that  the  large  proportion  of  oxygen  in  the  former  must  give  rise 
to  a  great  difference  in  the  products  of  destructive  distillation.  "Accord- 
ingly, it  is  found  that  water,  carbonic  oxide,  carbonic  acid,  and  acetic 
acid,  all  highly  oxidised  bodies,  are  produced  in  large  quantity,  and  that 
the  gaseous  products  of  the  distillation  of  wood  burn  with  far  less  Kght 
than  those  from  coal,  in  consequence  of  the  smaller  proportion  of  the 
heavier  hydrocarbons. 

The  principal  products  of  the  action  of  heat  upon  wood  are — 


Wood  Tar. 
Solids. 


Paraffine,  . 
Naphthaline, 
Cedriret, 
Pittacal, 


^'20^8 


Pyrene, 

Chrysene, 

Kesin, 


^30-^12 

CjiHg 


Liquids. 


Toluole, 

Pyroligneous   or  1 

Xylole, 

acetic  acid,   .  J 

Cymole, 

Wood  naphtha. 

Kreasote, 

•      ■  C„H,0, 

Acetate  of  mothylo, 

Picamar, 

Formiate  of  mcthylo 

Kapnomor 

-  CljuHnOj 

Acetone,  . 

Eupione, 

Water, 

Gases. 

Marsh-gas, 

•      •       .  C,H, 

Carbonic  oxide, 

.  CO 

Carbonic  acid. 

-      -      •  CO, 

04H40, 

C,H,0, 


C,H30.C,H303 
C2H3O .  CjHO,, 
C„H„0, 


Of  those  products,  by  far  the  most  important  are  the  pyroligneous  acid 
the  wood  naphtha,  and  acetone.  '  '  ' 
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Tlie  distillation  of  vfood  with  a  view  to  the  preparation  of  these  sub- 
stances, is  conducted  in  the  manner  described  in  the  section  on  wood 
charcoal  (p  57)  when  the  distiUate  separates  into  two  portions,  the 
heavier  insoluble' part  constituting: the  wood  tar,  whilst  the  Hght  aqueous 
layer  contains  the  pyroUgneous  acid  naphtha,  and  acetone. 

On  distUhng  this,  the  two  last,  boihng  respectively  at  150  and  133 
r  first  distil  over,  and  then  the  acetic  acid,  wliich  bods  at  24J  ihe 
add  so  obtained,  however,  is  contaminated  with  tarry  matters,  which 
communicate  the  peculiar  odour  of  wood  smoke,  and  adapt  it  especiaUy 
for  the  preservation  of  meat.  In  order  to  obtain  pui-e  acetic  acid,  this 
crude  acid  is  neutralised  with  carbonate  of  soda,  and  the  acetate  of  soda 
thus  obtained  is  moderately  heated  to  expel  the  foreign  .substances.  _  It  is 
then  further  piuified  by  solution  in  water  and  crystallisation,  and  is  dis- 
tilled with  sulphuric  acid,  which  converts  the  soda  into  sulphate,  leavmg 
the  acetic  acid  to  distil  over. 

343.  Wood  naphtha— Methylic  alcohol— In  order  to  obtain  the  wood 
naphtha  (or  vroligneous  ether,  or  wood  spirit,  or  xnjroxylic  sjnnt),  the 
portion  which  distils  over  below  212°  T.  is  rectified  in  a  still  containing 
chalk,  which  retains  the  acetic  acid  as  acetate  of  hme. 

The  wood  naphtha  so  obtained  consists  chiefly  of  methyhc  alcohol 
(C  H  On)  but  contains  also  acetone,  acetate  of  methyle,  and  certain  oily 
substances  which  impart  to  it  a  peculiar  odour,  and  cause  it  to  become 
mdky  when  mixed  with  water.  Wood  generally  yields  about  one  part  ot 
naphtha  to  twenty  of  acetic  acid.  In  order  to  obtain  the  pui-e  methyhc 
alcohol  chloride  of  calcium  is  dissolved  to  saturation  in  the  crude  wood 
spirit,  when  a  definite  crystallisable  compound  is  formed,  of  2  equivalents 
of  methylic  alcohol  and  1  of  chloride  of  calcium,  CaCl.  20^11  fi^-  ^'^^ 
is  heated  in  a  retort,  placed  in  a  vessel  of  boiling  water,  as  long  as  any 
acetone  and  acetate  of  methyle  pass  over,  the  above  compound  not  bemg 
decomposed  at  212=  F.  An  equal  weight  of  water  is  then  added  to  the 
residue  in  the  retort,  and  the  distillation  continued,  when  the  methylic 
alcohol  distds  over,  accompanied  by  water,  and  the  chloride  of  calcium 
remains  in  the  retort.  The  dHuted  methyhc  alcohol  is  digested  for  some 
time  mth  powdered  quick-lime,  and  again  distiUed,  when  it  is  obtamed  m 

a  state  of  purity.  ,     -,       n         -x  i  ■ 

The  useful  applications  of  crude  wood  naphtha  depend  upon  its  bui>ning 
with  a  nearly  smokeless  flame  in  lamps  (though  as  a  soui-ce  of  heat  only, 
not  of  Ught),  and  upon  its  power  of  dissolving  most  resmous  substances 
employed  in  the  preparation  of  varnishes,  stiffening  for  hats,  &c. 

Methyhc  alcohol  is  the  first  member  of  the  very  important  homologous 
series  of  alcohols,  of  wliich  ordinary  alcohol  or  spirit  of  wine  is  the  type, 
and  the  consideration  of  which  may  be  postponed  until  the  chemical 
history  of  that  alcohol  shall  have  been  studied.  The  designation  ot 
methylic  alcohol  supposes  the  existence  in  the  ppoligneous  spirit  ot  a 
compound  radical  methyle*  (C^Hg),  of  which  methyhc  alcohol  is  the 
hydi-ated  oxide  =  {C,B,)0 .  HO.  Tliis  view  is  by  no  means  unsupported 
by  experimental  evidence ;  for  if  wood  sphit  be  distdled  with  torn-  parts 
of  concentrated  sulphui-ic  acid,  it  yields  a  gas,  the  composition  ot  whicJi 
is  represented  by  the  formula  C2H3O,  and  this  may  be  regarded  as  the 

•  From  Mc'eu,  wine;  iiXv,  wood.  The  termination  -yle  is  generally  "P"",^^?" 
pound  radicals,  because  ilk,,  is  put  metaphorically  for  matter.  Thus,  ethyle  is  meant  10 
imply  the  matter  from  which  etlier  compounds  are  derived. 
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oxide  of  methyle.  Again,  if  wood  spirit  be  distilled  with  iodine  and 
phosphorus,  the  hydriodic  acid  formed  (see  p.  175)  acts  upon  the  oxide  of 
methyle,  producing  the  compound  C2H3I,  iodide  of  methyle.  When  tliis 
is  heated  in  contact  with  zinc,  iodide  of  zinc  is  produced,  and  a  gas, 
having  the  composition  C3H3,  which  is  that  of  the  radical  methyle,  is 
obtained.  (This  important  question  of  compoimd  radicals  will  be  more 
fully  discussed  hereafter.) 

A  sulphide,  bisulphide,  chloride,  bromide,  and  cyanide  of  methyle,  may 
also  be  obtained,  as  well  as  compounds  of  the  oxide  of  methyle  with  sul- 
phuric, nitric,  acetic,  &c.,  acids.  The  methyle  series  is,  in  fact,  perfectly 
parallel  %yith  the  ethyle  series,  the  members  of  which  are  far  more  important, 
and  will  therefore  be  more  particularly  considered  hereafter. 

One  of  the  most  interesting  compounds  derived  from  wood  spirit  is  the 
salicylate  of  metlnjle,  or  oil  ofiuinter  green  (C^HjO  .  C^Jifi^),  which  is  ex- 
tracted from  the  flowers  of  the  Gaidtlieria  ^Jrocwnbens,  and  was  one  of  the 
first  vegetable  products  to  be  prepared  artificially  by  the  chemist.  It  is 
obtaiaed  by  distiUing  wood  spirit  with  sulphuric  acid  and  salicylic  acid 
(HO  .  C.^HgOg),  the  latter  acid  being  formed  by  the  action  of  fused  hydrate 
of  potash  upon  the  salicine  (CseHigO,^)  extracted  from  willow  bark. 

It  will  be  noticed  that  the  compound  of  oxide  of  methyle  (CJH3O) 
with  formic  acid  (C^HOg),  or  the  formiate  of  methyle,  C^HjO  .  CHOg,  would 
have  the  same  composition  as  acetic  acid,  HO .  C4H3O3,  though  they  are 
very  different  m  constitution.  An  excellent  illustration  is  here  afforded 
of  the  distinction  between  an  emjnrical  and  a,  rationed  formula,  the  former 
simply  denotmg  the  composition  of  a  substance,  without  regard  to  the 
arrangement  of  its  components,  which  is  always  indicated  by  the  rational 
formula.  Thus,  the  empirical  formula  of  acetic  acid,  as  well  as  of 
formiate  of  methyle,  is  C^H.O^,  but  the  rational  formula  of  the  latter  is 
C2H3O .  C2HO3,  showing  it  to  consist  of  the  oxide  of  methyle  (C^HgO), 
combined  with  formic  acid  (C2HO3),  whilst  the  rational  formula  of  acetic 
acid,  HO .  C^H303,  represents  it  as  a  compound  of  water  with  acetic 
anhydride ^  (C4H3O3).  Such  compounds  are  often  said  to  be  metameric, 
the  tevva.  isomeric  being  usually  applied  to  compounds  having  the  same 
composition,  but  which  are  not  Imown  to  possess  a  different  constitution, 
such  as  oil  of  turpentine  and  many  of  the  essential  oils. 

344.  Paraffine  (C^H^),  is  a  beautiful,  semi-transparent,  waxy  substance, 
which  distils  over  -with  the  last  portions  of  the  tar  from  wood,  and  may 
be  obtained  in  larger  quantity  by  distilling  peat,  as  well  as  from  the 
mineral  known  as  Boghead  cannel.  It  is  also  found  abundantly  in  the 
petroleum  or  mineral  naphtha  imported  from  Eangoon. 

In  order  to  extract  the  paraffine  from  wood  tar,  advantage  is  taken  of 
its  great  resistance  to  the  action  of  most  chemical  agents,*  for  which  pur- 
pose the  later  portions  of  the  distillate  are  moderately  heated  with  con- 
centrated sulphuric  acid,  which  decomposes  and  chars  most  of  the 
substances  mixed  with  the  paraffine,  and  allows  the  latter  to  collect  as 
an  oily  layer  upon  the  surface;  this  is  allowed  to  cool  and  solidify,  when, 
it  may  be  purified  by  pressure  between  blotting-paper,  and  solution  in  a 
hot  mixture  of  alcohol  and  ether,  from  which  it  is  deposited,  on  cooliuo- 
in  brilliant  plates.  ^' 

Paraffine  fuses  at  110°  F.,  and  may  be  distilled  at  a  higher  temperature  • 
it  burns,  like  wax,  with  a  very  luminous  flame,  and  is  employed  as  a  sub- 

•  To  which  it  owes  its  name,  from panm.,  UUle  ;  affinis,  allied. 
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stitute  for  wax  in  the  manufacture  of  candles.    It  is  insoluble  in  water, 
and  dissolves  sparingly  in  alcohol,  etlier  being  the  best  solvent  for  it. 

It  will  be  seen  from  the  formula  above  given  for  paraffine,  that  the 
exact  number  of  equivalents  of  carbon  and  hydrogen  contained  in  it  is 
imknown,  since  it  does  not  form  definite  compounds  with  other  sub- 
stances, and  therefore  its  exact  equivalent  weight  cannot  be  ascertained ; 
it  is  known,  however,  to  contaia  an  equal  number  of  equivalents  of  carbon 
and  hydrogen. 

The  substance  known  as  paraffine  oil,  which  is  used  for  lubricating 
machinery,  is  the  less  volatile  portion  of  the  hydrocarbons  obtained  by 
the  destructive  distillation  of  Boghead  cannel  (found  at  Bathgate,  near 
Edinburgh).  The  more  volatile  portion  of  the  hydrocarbons  so  obtained 
is  employed  for  niuminating  purposes. 

Acetone  will  be  described  hereafter. 

Of  the  other  products  of  the  destructive  distillation  of  wood  enumerated  at  p.  465, 
some  have  been  described  amongst  the  products  obtained  from  coal,  and  the  re- 
mainder have  been  but  little  studied,  and  have  not  received  any  useful  application. 

Eupione  {G^^-^^  is  a  liquid  lighter  than  water,  and  boiling  at  116°  F. 

Kapnomor  is  an  oily  liquid,  which  boils  at  360°. 

Picamar  is  another  oily  liquid,  heavier  than  water. 

Cedriret  is  a  red  crystalline  substance. 

Pittacal  is  a  blue  solid. 

Stockholm  tar  is  collected  during  the  carbonisation  of  pine  wood,  con- 
taining a  large  quantity  of  resin,  the  tar  running  off  through  an  aperture 
at  the  lower  part  of  the  pit,  in  which  the  imperfect  combustion  of  the 
wood  is  carried  on.  It  differs  from  ordinary  tar  in  containing  large  quan- 
tities of  resin  and  turpentine,  the  latter  being  separated  from  it  by  distil- 
lation, and  the  residue  constituting  the  intcli  of  commerce. 

Petroleum. — There  are  found,  in  different  parts  of  the  earth,  generally 
in  or  near  the  coal-formations,  several  solid  or  Liquid  hydrocarbons,  pro- 
bably formed  during  the  conversion  of  vegetable  remains  into  coal,  some 
of  which  have  received  useful  applications. 

The  Rangoon  tar  has  already  been  noticed  as  containing  a  considerable 
quantity  of  paraffine ;  the  liquid  part  of  this  tar,  after  distillation  and 
treatment  with  oil  of  vitriol  to  remove  hydrocarbons  of  the  benzole  series,'^ 
is  the  liquid  in  which  potassium  and  sodium  are  preserved ;  it  is  com- 
monly called  petroleum  or  rock-oil,  and  appears  to  be  a  mixture  of  several 
hydrocarbons.  Petroleum  is  also  employed  occasionally  as  a  solvent  for 
caoutchouc  and  resinous  substances.  In  the  neighbourhood  of  the  Cas- 
pian sea  there  are  several  springs  from  which  rock-oil  flows,  together  with 
water,  from  the  surface  of  which  it  is  sldmmed  and -sent  into  commerce. 

American  petroleum. — "Within  the  last  few  years  abundant  supplies  of 
petroleum  have  been  obtained  from  wells  and  springs  in  Pennsylvania 
and  Canada,  and  the  demand  for  it  to  serve  as  an  illuminating  agent,  and 
for  the  lubrication  of  machinery,  has  created  a  new  branch  of  commerce, 
giving  rise  to  the  rapid  growth  of  "  oil  cities  "  in  the  neighboui-hood  of  the 
wells.  These  rock-oils  have  a  very  peculiar  unpleasant  odour,  and  appear 
to  consist  chiefly  of  hydi-ocarbons  belonging  to  the  homologous  series,  of 
which  marsh-gas  (C„IIJ  is  a  member.  Tlius,  the  Pennsylvanian  petroleum 
has  furnished  the  hydrocarbons,  CgH,o,  C,„H,„,  C,.,II,4,  CjJI,b,  C,„Hi,,,  CisH.,,,. 
In  addition  to  these,  the  hydrocarbons,  C.,oII.,„,  C.^II.,2,  C^.H^^,  homologous 
with  olefiant  gas  (CjHJ,  have  been  obtained  from  it.    Some  of  the  mem- 

*  These  hydrocarlions,  when  treated  with  oil  of  vitriol,  form  acids  which  .are  sohiljlc  in 
water.    Tlius  lienzolo  is  converted  into  mlphohenzolic  acid,  HO  .  C,,,H, .  SjOj. 
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bers  of  the  benzole  series  appear  also  to  bo  present  in  the  Canadian 
petroleum. 

The  mineral  substance  knowoi  as  hitumen  or  asphaltum  contains  a 
hydrocarbon,  apparently  isomeric  with  oU  of  turpentine,  together  with  a 
resinous  substance,  and  a  black  matter  resembling  pitch,  and  containing 
oxygen.  It  is  employed  for  making  Avater-proof  cements  and  black 
varnishes,  being  dissolved  for  this  purpose  in  turpentine. 

Bituminous  shale,  when  distilled,  furnishes  products  which,  as  far  as 
they  are  known,  are  closely  allied  to  those  obtained  from  wood  and  coal. 

Oil  of  Turpentine  and  Substances  Allied  to  it. 

345.  Turpentine  is  the  generic  name  given  to  the  viscous  exudation 
obtained  by  incising  the  bark  of  various  species  of  pine.    Several  varieties 
of  turpentiue  are  met  with  in  commerce,  of  which  the  two  best  known  ' 
are  the  common  turpentine  which  is  obtained  from  the  Scotch  fir,  and 
Venice  turpentine  from  the  larch. 

These  are  both  solutions  of  colophomj  or  common  rosin  (C^oHj^OJ  in 
the  essential  oil  of  turpentine  (C„oHjg),  and  when  distilled,  yield  from 
75  to  90  per  cent,  of  rosin,  which  remains  in  the  retort,  and  from  25  to 
10  per  cent,  of  the  essential  oil,  commonly  sold  as  sjnrits  of  turjpentine. 

This  essence  of  turpentine  boils  at  320°  F.,  and  floats  upon  water  (sp. 
gr.  0-864),  in  Avhich  it  is  very  sparingly  soluble,  its  proper  solvents  being 
alcohol  and  ether.  Its  great  inflammability  renders  it  useful  as  a  fuel  for 
lamps,  but  the  large  proportion  of  carbon  which  it  contains  causes  it  to 
bmn  with  a  smoky  flame,  rendering  it  necessary  either  to  employ  lamps 
constructed  especially  to  afiPord  an  extra  supply  of  aii-  to  the  flame,  or  to 
mix  it  with  a  certain  proportion  of  alcohol.  CampMne  is  distilled  from 
the  turpentine  of  the  Boston  pine. 

The  property  of  turpentine  to  dissolve  resinous  and  fatty  substances 
renders  it  exceedingly  useful  in  the  preparation  of  paints  and  varnishes, 
and  for  the  removal  of  such  substances  from  fabrics.  It  is  also  an  excel- 
lent solvent  for  caoutchouc. 

One  of  the  most  remarkable  features  of  this  essential  oil  is  the  facility  with  which 
it  changes  into  isomeric  or  metameric  modifications,  exhibiting  great  diiferences 
in  their  physical  and  chemical  properties. 

When  heated  in  a  closed  vessel  to  about  480°  F.  for  some  hours,  oil  of  turpentine 
13  converted  into  two  isomeric  modifications  differing  greatly  from  the  original  oil  in 
the  temperature  at  which  they  boil ;  for  whilst  oil  of  tiirpentine  distils  over  entirely 
at  320  F°.,  one  of  these  modifications,  known  as  isoterehenthene,  boils  at  350°  F.,  and 
the  other,  metaterehenthene,  at  660°. 

When  digested,  in  the  cold,  with  a  small  proportion  of  oil  of  vitriol,  oil  of  tur- 
pentine yields  terehene  and  colopliene,  the  former  boiling  at  320°  F.,  but  differing 
from  oil  of  turpentine  in  its  odour,  which  resembles  thyme,  and  in  its  want  of  action 
upon  polarised  light. 

Colophene  has  a  far  higher  boiling  point  (600°),  and  is  much  heavier  than  tur- 
pentine (sp.  gr.  0-940),  from  whicli  it  is  also  distinguished  by  its  indigo-blue  colour 
when  seen  obliquely,  though  it  is  colourless  by  directly  transmitted  liglit.  More- 
nver,  the  specific  gravity  of  the  vapour  of  colophene  is  9-52,  whilst  tliat  of  turpentine 
is  4-76,  or  one-half  that  of  colophene,  rendering  it  probable  that  if  tlio  composition  of 
turpentine  be  CjgHig  (=  4  vols.),  that  of  colophene  is  G^^^^,  (=  ^  vols.),  a  relation 
expressed  by  saying  that  colophene  h  jjolymeric  with  turpentine.  Colophene  is  also 
obtained  by  the  distillation  of  colophony. 

The  ordinary  oil  of  turpentine  appears  to  be  really  itself  a  compound  of  two 
iaotneric  hydrocarbons,  for  when  hydrochloric  acid  gas  is  passed  into  it,  two  distinct 
isomeric  compounds  are  formed,  botli  oxprcsaod  by  the  formula,  CjoH,,  .1101  but  one 
^  being  a  solid,  and  the  otlier  a  liquid  oven  at  0°  F.  ' 
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The  solid  compound  which  is  known  as  artificial  camphor  or  hydrochlorate  ofdadyle, 
forms  white  prismatic'  crystals  very  similar  to  camphor,  and  when  its  vapour  is 
passed  over  heated  quick-lime,  the  latter  removes  the  hydrochloric  acid,  and  tlie 
hydrocarbon  known  as  camphilenc  or  dadijlc  (S^s,  a  pme-torch)  is  obtained,  which  is 
isomeric  with  oil  of  turpentine,  but  boils  at  273°  instead  of  320°  F.,  and  is  without 
any  action  upon  polarised  light.  .  ,    i     , ,    •      -j  -i  fi.,. 

The  liquid  compound  formed  by  the  action  of  hydrochloric  acid  upon  oil  of  tur- 
pentine is  called  fiydrocMorate  ofpmcyle;  and  when  distilled  with  quick-lime  yields 
terebilene  oi  peucyle  {-xiUn,  the  pine),  also  isomeric  with  oil  of  turpentine,  but  without 
action  on  polarised  light. 

Although  oil  of  turpentine  is  not  miscible  with  water,  it  is  capable  ot  torming 
three  compounds  with  it  in  different  proportions.  When  the  oil  is  long  kept  in 
contact  with  water,  crystals  are  deposited  which  have  the  composition  l^zof^ie  • 
boiling  water  dissolves  these,  and  deposits  them  in  a  prismatic  form  on  cooling.  iJie 
crystals  fuse  at  about  217°  F. ;  and  when  further  heated,  lose  two  equivalents  of 
water,  yielding  another  crystalline  hydrate,  which  sublimes  without  alteration  at  about 
480°  F.    When  exposed  to  air  this  hydrate  again  absorbs  two  equivalents  of  water. 

By  distilling  the  aqueous  solution  of  either  of  the  preceding  hydrates  with  a 
little  sulphuric  acid,  a  liquid  hydrate  smelling  of  hyacinths  is  obtained ;  it  contains 
CjoHjg .  HO,  and  is  called  terpinole. 

When  oil  of  turpentine  is  exposed  to  the  air,  it_  slowly  becomes  solid, 
absorbing  oxygen,  and  becoming  converted  into  resinons  bodies. 

Common  rosin  or  colophony.*— This  substance  is  composed  of  two 
isomeric  acids  known  as  sylvic  and  j^inic.  When  common  rosin  is  treated 
with  cold  alcohol,  the  greater  portion  of  it  is  dissolved ;  _and_  if  the 
alcohol  be  evaporated,  it  leaves  an  amorphous  substance,  which  is  pi?uc 
acid.  The  residue,  left  undissolved  by  cold  alcohol,  is  dissolved  by  hot 
alcohol,  and  deposited  in  colourless  prisms,  which  are  sijlvic  acid.  The 
salts  of  these  acids  have  the  composition  MO  .  C,,'S..^O^,  so  that  the  acids 
themselves  must  be  represented  as  HO .  C,oH.,g03.  The  pmate  and  syl- 
vate  of  soda  obtained  by  dissolving  rosin  in  solution  of  soda  or  carbonate 
of  soda,  are  largely  used  in  the  manufacture  of  yellow  soap,  and  of  the 
Bize  for  paper-makers.  By  distilling  common  rosin  with  the  aid  of  super- 
heated steam,  it  is  obtained  nearly  free  from  colour. 

346.  The  turpentine  series  of  hydrocarbons. — Oil  of  turpentine  is  the 
representative  of  a  large  class  of  hydi-ocarbons,  derived  like  itself  from 
'  the  vegetable  kingdom,  and  all  having  a  percentage  composition  corres- 
ponding to  the  formula  C,„H,e.  All  the  individuals  of  this  group  resemble 
turpentine  in  their  UabUity  to  suffer  conversion  mto  isomeric  modihca- 
tions,  in  their  solidification  by  absorption  of  oxygen  when  exposed  to 
the  air,  in  their  combination  with  water  to  form  crystallme  hydrates,  and 
above  aU,  in  their  tendency  to  form  artificial  camphors  by  combmmg  with 
hydrochloric  acid. 

The  oils  of  bergamotte,  birch,  camomile,  can-away,  cloves,  hops,  jumper, 
lemons,  orange,  parsley,  pepper,  savin,  tolu,  thyme,  and  valerian,  contam 
the  same  hydrocarbon  C.,oH,„  generaUy  accompanied,  m  the  natural  oil, 
by  the  product  of  its  oxidation,  bearing  a  relation  to  the  hydrocarbon 
similar  to  that  which  colophony  bears  to  turpentine. 

These  essential  oHs  are  generally  extracted  from  the  flowers,  trmt, 
leaves,  or  seeds,  by  distiUation  with  water,  the  portion  of  the  plant 
selected  being  suspended  in  the  still  by  means  of  a  bag  or  pertoratea 
vessel,  so  that  there  may  be  no  danger  of  its  being  scorched  by  contact 
with  the  hot  sides  of  the  stiU,  and  so  contaminating  the  distdlate  witn 
empyreumaiic  matters  {efjLTrvpevtti,  to  scorch).    The  water  whicli  distils  over 

*  Colophoii,  a  city  of  louia. 
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always  holds  a  little  of  tho  essential  oil  in  solution,  and  it  is  in  this  way 
that  the  fragrant  distilled  waters  of  the  druggist  are  obtained.  When  the 
essential  oil  is  present  m  large  proportion,  it  collects  as  a  separate  layer 
upon  the  surface  of  the  water,  fi'om  which  it  is  easily  decanted.  The  oil 
Avhich  is  dissolved  in  the  water  may  be  separated  from  it  by  saturating 
the  liquid  Avith  conunon  salt,  when  the  oil  rises  to  the  surface,  or  by 
shaking  it  with  ether,  Avhich  dissolves  the  oU  and  separates  from  the 
water,  the  ethereal  solution  floating  upon  its  surface,  and  leaving  the  oil 
when  the  ether  is  evaporated. 

In  cases  like  that  of  jasmine,  where  the  delicate  perfume  of  the  flower 
would  be  injured  by  the  heat,  the  flowers  are  pressed  between  Avoollen 
cloths  saturated  with  oil  of  poppy  seeds,  which  thus  acquires  a  powerful 
odour  of  the  flower. 

Bisulphide  of  carbon  is  also  sometimes  employed  as  a  solvent  for  extract- 
ing the  essential  oils. 

Oil  of  jjej3j9en?im^  contains  a  hydrocarbon  called  menthene  (CgoHjg) ; 
essence  of  cedar-wood  contains  cedrene  (CgjHjJ. 

347.  Campliors. — Closely  allied  to  the  essential  oils  are  the  different 
varieties  of  camphor,  which  appear  to  be  formed  by  the  oxidation  of 
hydrocarbons  corresponding  to  the  essential  oils. 

Common  camphor  (C^oHjjOj)  is  found  deposited  in  minute  crystals  in 
the  wood  of  the  Laurus  camphora  or  camphor  laui-el,  from  which  it  is 
obtained  by  chopping  up  the  branches  and  distilling  them  with  water  in 
a  still,  the  head  of  which  is  filled  with  straw,  upon  which  the  camphor 
condenses.  It  is  purified  by  subliming  it  in  large  glass  vessels  containing 
a  little  Ume. 

Camphor  passes  into  vapour  easily  at  the  ordinary  temperature  of  the 
air,  and  is  deposited  in  brilliant  octahedral  crystals  upon  the  sides  of  the 
bottles  in  which  it  is  preserved.  It  fuses  at  347°  F.  and  boils  at  399°  F., 
and  is  very  inflammable,  burning  Avith  a  bright  smoky  flame.  It  is  some- 
times dissolved  in  the  oil  used  for  the  lamps  of  magic  lanterns,  to  increase 
its  illuminating  power.  Camphor  is  lighter  than  water  (sp.  gr.  0-996), 
and  whirls  about  upon  its  surface  in  a  remarkable  way,  dissolving  mean- 
while very  sparingly  (1  part  in  1000),  alcohol  and  ether  being  its  appro- 
priate solvents. 

"When  distilled  with  anhydrous  phosphoric  acid,  camphor  loses  two  equivalents  of 
water,  and  yields  the  hydrocarbon  cymole  (CgoHiJ  homologous  with  benzole. 

Borneo  camphor  {G^oS-iaO^)  is  obtained  from  the  exudation  of  the  Dryohalanops 
camphora.  "When  this  exudation  is  distilled,  a  hydrocarbon  called  bomehne  (C2oHi„), 
isomeric  with  oil  of  turpentine,  first  passes  over,  and  afterwards  the  camphor,  which 
is  neither  so  fusible  nor  so  volatile  as  ordinary  camphor,  and  emits  quite  a  different 
odour ;  it  also  crystallises  in  prisms  instead  of  octahedra,  and  may  be  converted 
into  ordinary  camphor  by  the  action  of  nitric  acid,  which  oxidises  two  equivalents 
of  hydrogen — 

C,„H,,0,   -   H,    =  C,oH,„0,. 
Borneo  camphor.  Common  cumplior. 

The  Borneo  camphor  appears  to  have  been  formed  by  the  combination  of  borneSne 
with  water,  for  if  this  hydrocarbon  be  distilled  with  solution  of  potash,  it  combines 
with  two  equivalents  of  water,  and  is  converted  into  the  camphor.  On  the  other 
hand,  when  Borneo  camphor  is  distilled  with  anhydrous  phosphoric  acid,  it  loses  two 
equivalents  of  water,  and  yields  bornecno.  It  is  interesting  to  remark  that  this 
hydrocarbon  is  also  found  in  the  cssoiitial  oil  of  valerian. 

The  oil  of  camphor  which  accompanies  the  camphor  distilled  from  the  camplior 
laurel,  contains  an  equivalent  of  oxygon  less  than  common  camphor,  its  formula 
being  (J^^ll^fi. 
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348.  Balsams. — Tlie  vegetable  exudations  known  as  balsams  are  mix- 
tures of  essential  oils  with  resins  and  acids  probably  produced  by  the 
oxidation  of  the  oils. 

Balsam  of  Peru  contains  an  oily  substance  termed  cinnamUne 
(Cj^HggOg),  a  crystalline  body,  styracine  (CigH.O^),  a  crystalline  volatile 
acid,  the  dnnamic  (CigHgO^),  and  a  peculiar  resin. 

Balsam  of  Tolu  also  contains  cinnamic  acid  and  styracine,  together 
with  certain  resins,  which  appear  to  have  been  formed  by  the  oxidation 
of  styracine. 

Storax,  also  a  balsamic  exudation,  contains  the  same  substances,  accom- 
panied by  a  peculiar  hydrocarbon,  which  has  been  named  stijrole,  and  has 
the  composition  C,gHg.  This  liquid  is  characterised  by  a  remarkable 
change  Avhich  it  undergoes  when  heated  to  about  400°  F.,  being  converted 
into  a  colourless  soHd,  metastijrole,  which  is  polymeric  with  styrole,  into 
which  it  is  reconverted  by  distillation. 

349.  Resins. — Colophony  is  the  best  known  member  of  the  class  of 
resins,  which  are  generally  distinguished  by  their  resinom  appearance,  fusi- 
bility, inflammability,  burning  with  a  smoky  flame,  insolubility  in  water, 
and  solubility  in  alcohol. 

As  to  their  chemical  composition,  they  are  all  rich  in  carbon  and  hydro- 
gen, containing  generally  a  small  proportion  of  oxygen,  and  appear  to 
have  been  formed,  like  colophony  (p.  470),  by  the  oxidation  of  a  hydro- 
carbon analogous  to  turpentine. 

Most  of  the  resins  also  resemble  colophony  in  their  acid  characters, 
their  alcoholic  solutions  reddening  blue  litmus  paper,  and  the  resins 
themselves  being  soluble  in  the  alkalies.  This  is  the  case  with  sandarach 
and  guaiacum  resin,  the  former  of  wliich  contains  three,  and  the  ■  latter 
two,  resinous  acids. 

Copal  appears  to  contain  several  resins,  some  neutral  and  some  acid, 
and  is  distinguished  by  its  difiicult  solubility  in  alcohol,  in  which  it  can 
be  dissolved  only  after  long  exposure  to  the  vapom  of  the  solvent ;  but 
if  it  be  exposed  to  the  air  for  some  time,  at  a  moderately  high  tempera- 
ture, it  absorbs  oxygen,  and  becomes  far  more  easily  soluble.  Copal  is 
readily  dissolved  by  acetone.  Animi  and  elemi  resins  are  somewhat 
similar  in  properties  to  copal. 

All  these  resins  are  used  in  the  manufacture  of  varnishes. 

Guaiacum  resin  is  distinguished  by  its  tendency  to  become  blue  under 
the  influence  of  the  more  refrangible  and  chemically  active  (violet)  rays 
of  the  solar  spectrum,  as  well  as  under  that  of  certain  oxidising  agents, 
such  as  chlorine  and  ozone. 

Lac,  so  much  used  in  the  arts,  belongs  to  the  class  of  resins,  being  the 
exudation  of  certain  tropical  trees  punctured  by  an  insect.  In  its  crude, 
natural  state,  encrusting  the  small  branches,  it  is  known  as  stick-lac,  and 
has  a  deep  red  colour ;  when  broken  off'  the  branches  and  boiled  ^yith 
water  containing  carbonate  of  soda,  it  furnishes  a  red  colouring  matter, 
very  largely  used  in  dyeing,  leaving  a  resinous  residue  termed  seed-lac,  by 
fusing  which  the  shell-lac  is  obtained.  This  resin  is  very  complex,  con- 
taining several  distinct  resinous  bodies.  It  is  largely  used  in  the  manu- 
facture of  hats,  of  sealing-wax,  and  of  varnishes.  The  lacquer  applied  to 
brass  derives  its  name  from  this  resin,  being  an  alcoholic  solution  of  sheU- 
lac,  sandarach,  and  Venice  tiu-pentine.  Indian  ink  is  made  by  mixing 
lamp-black  with  a  solution  of  100  gi-ains  of  lac  in  20  grains  of  borax  and 
4  ounces  of  water. 
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Amber,  a  fossil  resinous  substance,  more  nearly  resembles  this  class  of 
bodies  than  any  other,  and  contains  several  resinous  bodies.  It  is  distin- 
guislicd  by  its  insolubility,  for  alcohol  dissolves  only  about  one-eighth, 
and.  ether  about  one-tenth  of  it.  After  fusion,  however,  it  becomes  soluble 
in  alcohol,  and  is  used  in  this  state  for  the  preparation  of  varnishes. 

The  distinguishing  peculiarity  of  amber  is,  that  it  yields  succinic  acid, 
2 HO .  C„H^Og  (succinum,  amber),  when  digested  with  allfalies,  distilled, 
or  oxidised  by  nitric  acid ;  in  the  latter  case  ordinary  camphor  is  formed 
at  the  same  time. 

Succinic  acid  is  also  found  in  some  of  the  resins  of  coniferous  trees,  and' 
in  the  leaves  of  the  wormwood.  It  is  among  the  products  of  the  action 
of  nitric  acid  upon  most  fatty  and  waxy  substances,  and  is  present  in 
wines  and  other  fermented  liquors,  being  produced  dui-ing  the  fermenta- 
tion of  sugar.  The  acid  is  characterised  by  the  cough-provoking  vaponr 
which  it  emits  when  heated. 

Varnishes  are  prepared  by  dissolving  resins  in  alcohol,  or  wood  spirit, 
or  acetone,*  a  little  turpentine  or  some  fixed  oil  being  added  to  prevent 
the  resin  from  cracking  when  the  solvent  has  evaporated.  In  order  to 
promote  the  solution  of  the  resin,  it  is  usually  powdered  before  being 
treated  with  the  solvent,  and  mixed  with  coarsely  powdered  glass  to  pre- 
vent it  from  becoming  lumpy.  Methylated  spirit  is  now  very  generally 
used  for  the  preparation  of  varnishes;  it  is  simply  spirit  of  wine,  to 
which  a  little  wood  naphtha  has  been  added,  to  deter  persons  from  drink- 
ing it,  and  to  prevent  other  frauds  upon  the  Excise. 

Benzoin,  or  gum  benzoin,  as  it  is  erroneously  called,  is  also  a  veget- 
able resinous  product,  and  is  distin- 
guished by  the  presence  of  benzoic 
acid  (HO .  Cj^HjOg),  which  may  be 
obtained  from  it  by  heating  the  resin 
in  an  iron  or  earthen  vessel  (fig.  270) 
covered  with  a  perforated  sheet  of 
stout  paper,  over  which  a  drum  or 
cone  of  paper  is  tied.  When-  the  heat 
of  a  sand-bath  is  applied,  benzoic  acid 
rises  in  vapour,  and  is  condensed  in 
beautiful  feathery  crystals  in  the 
paper  drum.  It  may  also  be  ex- 
tracted by  boiling  the  resin  with  water 
and  lime,  when  the  benzoic  acid  is 
dissolved  in  the  form  of  benzoate  of 
lime  (CaO.  C^IIjOJ,  and  being  but  sparingly  soluble  in  water,  may  bo 
precipitated  by  adding  hydrochloric  acid  to  the  filtered  solution. 

Benzoic  acid  is  generally  recognised  by  its  feathery  appearance  and 
peculiar  agreeable  odour,  though  this  does  not  really  belong  to  the  acid, 
but  to  a  little  essential  oil  which  is  not  easHy  separated ;  the  vapour  of 
the  acid  itself  is  very  irritating  and  produces  coughing.  It  fuses  when 
moderately  heated,  and  burns  with  a  smoky  flame.  Benzoic  acid  dissolves 
in  about  200  parts  of  cold  and  25  parts  of  boiling  water.  Alcohol  and 
ether  dissolve  it  easily. 

The  salts  of  benzoic  acid,  or  benzoates,  have  no  practical  importance 
but  the  behaviour  of  benzoic  acid  when  distilled  with  an  excess  of  lime 

♦  Acetone  readily  dissolves  copal,  mastic,  and  sandaracli. 
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or  baryta  has  already  been  referred  to  as  furnishing  that  important  hydro- 
carbon, benzole  (see  p.  460). 

Oil  of  Bitter  Almonds,  and  its  Derivatives.— Benzotle  Series. 

350  Benzoic  acid  results  from  the  oxidation  of  the  essential  oil  of 
bitter  almonds  (C,,H,0,),  which  slowly  absorbs  two  equivalents  of  oxygen 
from  the  au-,  and  is  converted  into  hydrated  benzoic  acid  {L^^tL^U,). 

The  formation  of  the  essential  oU  of  bitter  almonds  is  one  of  the  most 
interestmg  processes  of  vegetable  chemistry.  ^ 

Both  the  bitter  and  the  sweet  almond  contain  a  large  CLuantity  ot  a 
fixed  oil,  which  may  be  extracted  from  them  by  pressure,  but  which  has 
no  particular  taste  or  odour,  and  differs  entirely  from  the  essential  oil  of 
bitter  almonds,  being,  in  fact,  very  similar  to  ordinary  olive  oH.  The 
residue  or  almond-cake,  which  is  left  after  expressing  the  oil,  contains,  m 
the  case  of  the  bitter  almond  only,  a  bitter  principle,  amounting  to  about 
i-th  of  the  weight  of  the  almond,  which  may  be  extracted  from  the  cake 
by  hot  alcohol,  and  may  be  crystaUised  from  the  solution ;  this  substance 
is  called  amygdaline,  and  is  represented  by  the  formula  C^Hj-NOj.,  the 
crystals  containing,  in  addition,  six  equivalents  of  water. 

Now,  if  the  residue  left  after  extracting  the  amygdalme  with  alcohol 
be  mixed  with  water  and  distilled,  it  does  not  yield  any  essential  oU, 
although  this  may  be  obtained  in  abundance  from  the  original  cake  after 
maceration  in  water,  particularly  if  it  be  digested  with  water  for  several 
hours  before  distillation. 

The  sweet  almond,  which  contains  no  amygdaline,  does  not  aftord  any 
essential  oil  when  distilled  with  water,  showing  that  the  amygdahne  is 
really  the  source  of  the  essence.  Agam,  if  boiling  water  be  poured  oyer 
the  bitter  almond  cake,  no  essential  oil  is  produced,  even  when  the  mix- 
ture is  aUowed  to  stand  for  some  time,  but  if  to  this  mixture  there  be 
added  an  emulsion  of  sweet  ahnonds  prepared  with  cold  water,  the  bitter 
almond  oil  is  at  once  formed,  which  is  not  the  case,  however,  if  the  emul- 
sion be  prepared  with  boiling  water. 

From  this  it  is  evident  that  a  substance  exists  in  both  sweet  and  bitter 
ahnonds  which  is  capable  of  developing  the  essence  from  the  amygdaline 
contained  in  the  latter,  but  which  loses  its  power  when  acted  upon  by  hot 
water.  This  may  be  stiU  further  proved  by  dissolvmg  pm-e  amygdahne 
in  water,  and  adding  an  emulsion  of  sweet  almonds,  when  the  essence  is 

at  once  produced.  ,    .    j    -ii,  i   i  i 

When  the  emulsion  of  sweet  almonds  is  filtered  and  mixed  with  alcolioi, 
a  white  substance  resembling  albumen  is  precipitated,  which  contains 
carbon,  hydrogen,  nitrogen,  and  oxygen,  and  very  easily  putrefies  when 
exposed  to  the  air  in  a  moist  state.  If  this  substance,  which  is  called 
emulsine  or  synaptase  (crwaTrro),  to  bring  into  action),  be  dissolved  m  cold 
water,  and  mixed  with  a  solution  of  amygdaline,  the  oH  of  bitter  almonds 
is  soon  formed  in  abundance,  but  if  the  solution  of  emulsine  be  boiled,  it 
is  no  longer  capable  of  developing  the  essence.  On  exammmg  the  solu- 
tion of  amygdaline  in  wHch  the  essential  oil  has  been  produced  by  tJie 
action  of  emulsine,  it  is  found  to  contain,  in  addition,  hydrocyanic  acid 
(C,HN),  grape-sugar  (C„H.,0,J,  and  formic  acid  (C,H,0,),  so  that  tlie 
decomposition  may  be  thus  represented — 

2C,„H„N0,,  =  4C.A0,  +  2C,HN  +  C,,H„0,,  +  iC^H^O,  +  6H0  . 

Araygaalmc.  Bitter  almoiul      nydrocyanic       Grape  sugftr.  ''"JjS."' 
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The  formation  of  the  essential  oil  of  bitter  almonds  must  he  regarded, 
therefore,  as  dependent  upon  a  species  of  fermentation  or  metamorphosis 
of  the  hitter  principle  amygdaline,  induced  by  contact  with  an  albuminous 
substance,  emulsine,  itself  very  prone  to  undergo  decomposition  when 
exposed  to  air  in  the  presence  of  moisture. 

This  essential  oil  may  also  be  obtained  from  laurel  leaves,  and  from  the 
kernels  of  most  stone  fruit. 

When  the  oil  of  bitter  almonds  is  distilled  over,  it  is  accompanied  by 
the  hydrocyanic  acid  formed  at  the  same  time,  and  it  is  this  which  renders 
the  ordinary  commercial  oil  so  powerful  a  poison,  for  if  it  be  purified  by 
distillation  from  a  mixture  of  Hme  and  chloride  of  iron  (see  Prussian  blue), 
which  retains  the  hydrocyanic  acid,  it  becomes  comparatively  harmless. 
A  better  process  for  obtaining  the  pure  oil  of  bitter  ahnonds  consists  in 
shaking  the  crude  oil  with  an  equal  volume  of  a  strong  solution  of  bisul- 
pliite  of  soda,  with  which  it  forms  a  white  crystalline  compound.  If  this 
be  distilled  with  solution  of  carbonate  of  soda,  the  pure  oil  passes  over. 

The  poisonous  properties  of  laurel-water,  and  similar  preparations,  are 
also  due  to  the  presence  of  hydrocyanic  acid. 

The  crude  essential  oil  of  bitter  almonds  also  contains  a  crystalline  substance 
called  benzoine  (CggHjjO^),  which  is  interesting  as  being  polymeric  with  the  essence, 
into  which  it  may  be  converted  by  passing  its  vapour  through  a  red-hot  tube.  The 
crude  oil  may  be  entirely  converted  into  this  substance  by  shaking  it  with  an  alco- 
holic solution  of  potash. 

When  the  pure  essential  oil  of  bitter  almonds  (Cj^HgO^)  is  acted  upon  by  dry 
chlorine,  it  evolves  hydrochloric  acid,  and  becomes  converted  into  a  colourless  liquid, 
having  an  odour  of  horse-radish,  and  containing  Cj^HgC102,  1  equivalent  of  hydro- 
gen having  been  removed,  and  its  place  filled  by  an  equivalent  of  chlorine.  If  this 
liquid  be  acted  upon  by  the  bromides,  iodides,  cyanides,  or  sulphides  of  the  metals, 
the  chlorine  is  removed  in  its  turn,  the  vacancy  being  filled  up  by  bromine,  iodine, 
cyanogen  or  sulphur,  compounds  being  obtained  which  have  the  formulae — 

CuHaBrO, 

C„H,IO, 

C,,H,CyO, 

When  boiled  with  water,  this  chlorine  compound  exchanges  its  chlorine  for  the 
oxygen  of  the  water,  and  is  converted  into  hydrated  benzoic  acid — 
Ci.HgClOij  +  2H0  =  CjiHgO.^ .  HO  +  HOI  . 

On  comparing  the  composition  of  these  compounds  with  that  of  the  essential  oil 
from  which  they  are  derived,  our  attention  is  called  to  the  existence  of  Oj^HgOg  in 
all  of  them — 

Oil  of  bitter  almonds,       .  {C^^'Rf>^)'R 
Benzoic  acid,    .       .       .  (CnHjOjp.HO 
Chlorine  compound,        .  {C,4H502)C1 
Bromine       „        .        .       {G^iE.^O^)'BT,  &c. 

This  circumstance  led  many  chemists  to  assume  the  existence  in  these  com- 
pounds of  the  radical  benzoylo  (O14H5O2).  capable  of  playing  the  part  of  an  ele- 
mentary substance  in  uniting  with  oxygen,  chlorine,  &c.,  and  therefore  resembling 
the  elements  in  its  chemical  tendencies,  from  which  resemblance  it  is  spoken  of  as  a 
quasi-element  or  compound  radical. 

If  this  radical  be  represented  by  Bz,  the  formation  of  the  members  of  tho  benzoyle 
aeries  from  oil  of  bitter  almonds  will  be  simply  and  easily  traced. 


Oil  of  bitter  almonds,  hydride  of  benzoyle,       .  BzH 

Benzoic  acid,  hydrated  oxide  of  benzoyle,         .  BzO  .  HO 

Chloride  of  benzoyle,       .....  BzOl 

Bromide       „    BzBr 

Iodide  ,,  .....  Bzl 

Cyanide       ,,  .....  BzCy 

Svlphidn      „    BzS 
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The  radical  benzoyle  itself  lias  been  recently  obtained  in  a  separate  state  by  the 
action  of  sodium  on  chloride  of  benzoyle.  It  forms  prismatic  crystals,  which  fuse 
easily,  and  may  be  sublimed  without  decomposition.  They  are  sparingly  soluble  in 
alcohol  and  etlier.  The  formula  GiJifi^  should  be  doubled  to  express  correctly  a 
molecule  of  this  radical  (see  Alcohol  radicals).  _        .    ,   ,  , 

It  will  be  noticed  that  the  compound  BzO,  or  anhydrous  benzoic  acid,  is  not  included 
in  the  above  enumeration  of  the  benzoyle  series.  A  compound  polymeric  with  this, 
and  which  j  may  be  represented  as  Bz^O    (or  .  Ci^H^Oj),  is  obtained  by 

heating  benzoate^of  soda  with  chloride  of  benzoyle— 

NaO  .  BzO  +  BzCl  =  NaCl  +         .  BzO  . 

This  substance,  which  is  called  benzoic  anhydride,  has  no  acid  properties  whatever. 
It  does  not  dissolve  in  cold  water,  but  if  boiled  with  water,  is  slowly  converted  into 
hydrated  benzoic  acid. 

When  oil  of  bitter  almonds  is  decomposed  by  hydrate  of  potash  dissolved  in 
alcohol,  it  yields  benzoic  alcohol  (Oj^HgOj),  which  will  be  more  particularly  noticed 
hereafter. 

351.  Very  closely  connected  with  the  essential  oil  of  bitter  almonds  are  the  essences 
of  cinnamon  and  cassia,  which  consist  chiefly  of  an  oxidised  essence,  represented 
by  the  formula  CigHgO„,  and  convertible  by  boiling  with  nitric  acid  into  the  essence 
of  almonds.  By  heating  the  essence  of  cinnamon  with  hydrate  of  potash,  it  is 
oxidised  and  converted  into  cinnamate  of  potash — 

C^gHgO,  +  KO.HO  =  KO.Ci8H,03  +  H,  . 
Oa  of  cinnamon.  Cinnamate  of  potasli. 

On  dissolving  this  salt  in  water,  and  adding  an  acid,  the  cinnamic  acid  is  precipi- 
tated in  feathery  flakes,  closely  resembling  benzoic  acid,  both  in  appearance  and 
chemical  characters. 

The  same  reasons  exist  as  in  the  case  of  the  benzoyle  series,  for  assuming  the 
existence,  in  the  compounds  derived  from  oil  of  cinnamon,  of  the  radical  cinnamyle, 
CigHjOg,  so  that  the  oil  of  cinnamon  would  be  a  hydride  of  cinnamyle  (CigHyOjjH, 
and  cinnamic  acid  the  hydrated  oxide  of  that  radical  (Oj8H,02)0  .  HO. 

Essential  oil  of  cummin  is  a  mixture  of  the  hydrocarbon  cymole  (C^oHj^),  which  has 
been  already  noticed,  with  an  oxidised  essence,  G^qB.^^)^,  which  is  closely  analogous 
to  those  of  almonds  and  cinnamon,  and  is  called  hydride  of  cumyle  (C2oHji02)H ; 
when  acted  upon  by  oxidising  agents  it  yields  cuminic  acid  (HO  .  C20H11O3),  which 
resembles  benzoic  acid,  but  is  characterised  by  an  odour  similar  to  that  of  the  bug. 
From  the  hydride  of  cumyle  an  oily  compound  has  been  obtained,  which  is  poly- 
meric with  the  supposed  radical  cumyle,  having  the  composition  C^^H^O^,  and  that 
it  is  really  composed  of  a  double  equivalent  of  that  radical  is  rendered  very  probable 
by  its  behaviour  when  fused  with  hydrate  of  potash,  since  water  is  then  decomposed, 
its  hydrogen  converting  one  equivalent  of  cumyle  into  hydride  of  cumyle,  whilst  its 
oxygen  converts  the  other  equivalent  into  cuminic  acid — 

C4oH,A    +    (KO.HO)    =    (C2oHjA)H    +    KO .  (C2oH„0,)0 . 

■  Hydride  of  Cuminate  ofliotash. 

cumyle. 

The  essential  oils  of  aniseed,  fennel,  and  tarragon  contain,  in  addition  to  a  liydro- 
carbon  isomeric  with  turpentine,  a  solid  crystalline  oxidised  essence  {0„gR^fi2) 
isomeric  with  the  hydride  of  cumyle.  That  this  substance  is  not  hydride  of  cumyle, 
however,  is  at  once  proved  by  the  action  of  oxidising  agents,  which  convert  it  into 
hydride  of  anisyle,  {G^^U^Oi)B.,  and  anisic  acid,  HO  .  C1JH7O3,  the  latter  being  isomeric 
with  winter-green  oil  {sec  p.  467). 

352.  Salicine  and  its  derivatives — Glucosides. — Oil  of  spircea,  or 
meadoio  meet,  consists  chiefly  of  the  compound  (Ci^HgOJ  isomeric  with 
hydrated  henzoic  acid ;  this  compound  is  easily  obtained  artificially  by 
the  oxidation  of  salicine,  a  bitter  substance  extracted  from  willow  bark, 
by  boiling  it  in  water,  removing  the  colourhig  matter  and  tannin  fi-om 
the  solution  by  boiling  Avith  hydrated  oxide  of  lead,  precipitating  the 
excess  of  lead  by  hydrosulphuric  acid,  and  evaporating  the  filtered  liquid, 
when  the  salicine  crystallises  out,  and  may  be  obtained  by  rccrystallis- 
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uig  from  alcohol,  iu  beautiful  wlnte  needles  having  the  composition 

Salicine  is  sparingly  soluhle  in  cold  water  and  insoluble  in  ether,  but 
dissolves  readily  in  boiling  water  and  in  alcohol.  It  is  readily  distinguished 
by  the  red  colour  which  it  gives  with  concentrated  sulphuric  acid,  whicli 
manifests  its  presence  when  applied  to  the  inner  bark  of  the  willow. 
When  distilled  with  dilute  sulphuric  acid  and  bichromate  of  potash,  it 
yields  the  oil  of  spirsea. 

The  changes  suffered  by  sah'cine  when  boiled  with  a  dilute  mineral  acid  (as  sul- 
phuric) are  very  remarkable,  for  after  the  boiling  has  been  continued  for  a  few 
minutes,  the  solution  is  found  to  contain  grape-sugar,  together  with  a  crystalline 
substance  called  saligenine,  which  is  distinguished  by  the  intense  blue  colour  which 
it  gives  with  perchloride  of  iron.  The  change  is  easily  explained,  for  the  addition 
of  4  equivalents  of  water  to  salicine  would  provide  the  elements  of  grape-sugar  and 
saligenine — 

CseHxsOu    +    4H0    =    C,,H,0,    +    C,,Hj,0,,  . 

Salicine.  Saligenine.  Grape-sugar. 

Emulsine  or  synaptase  is  capable  of  effecting  this  change  in  salicine,  and  it  will 
be  remembered  that  grape-sugar  is  one  of  the  products  of  the  action  of  that  ferment 
upon  amygdaline.  If  the  ebullition  with  the  diluted  acid  be  continued  for  a  length 
of  time,  the  liquid  deposits  a  resinous  substance,  saliretine,  which  is  isomeric  with 
oil  of  bitter  almonds  (Cj^H^O^). 

A  very  striking  example  of  the  stability  of  types,  notwithstanding  the  substitution 
of  one  element  for  another,  is  found  in  the  circumstance  that  salicine,  under  the 
influence  of  chlorine,  yields  three  different  products  containing  chlorine  in  place 
of  hydrogen,  and  that  when  these  are  boiled  with  dilute  acids,  they  yield  other  pro- 
ducts containing  chlorine,  and  bearing  the  same  relation  to  their  chlorinated  primitive 
which  saligenine  and  saliretine  respectively  bear  to  salicine. 

Thus  we  have — 


Salicine,    ,    .    .  Cj^H^g  Oj^ 

Chlorosalicine,    .  C„gQj'7 1  o,^ 

Dichlorosalicine, .  025^]'"  |  Oj^ 

Trichlorosalicine,  C„?'5  1  0 


26013  f"^" 


Saligenine,  .  .  .  Oj^Hg  O4 
Chlorosaligenine, .    Oj^qj'  |  0^ 

TT  V 

Dichlorosaligenine,  Cj^^j"  |  0^ 
Trichlorosaligenine,  Cj^qj*"  |  O4 


Wlien  salicine  is  fused  with  hydrate  of  potash,  the  mass  dissolved  in  water,  and 
hydrochloric  acid  added,  beautiful  needles  of  salicylic  acid  (HO .  Cj^HjOg)  are 
separated.  This  acid  may  also  be  obtained  from  the  oil  of  spirasa  by  a  similar 
process,  and  it  will  be  seen  that  salicylic  acid  bears  the  same  relation  to  this  oil 
as  benzoic  acid  bears  to  oil  of  bitter  almonds — 

Oil  of  bitter  almonds,  Cj^HgOj  |  Oil  of  spirjea,  .  .  .  Cj^HgO^ 
Benzoic  acid,   .    .    .  G^^^O^      I       Salicylic  acid,  .    .    .  Cj^HgOg 

Salicylic  acid  has  been  obtained  in  a  most  interesting  manner  by  the  simultaneous 
action  of  carbonic  acid  and  sodium  upon  phenole — 

C„H„02    +    2C0j    +    Na    =    NaO.OiiH.O^    -f  H. 
Phenole.  SalicyJ^te  of 

Exactly  as  chemists  have  been  led  to  consider  the  bitter  almond  oil  as  hydride  of 
benzoyle,  so  they  have  regarded  oil  of  spirsea  as  hydride  of  salicyle  (0,411504 .  H) ,  assum- 
ing the  existence  of  the  radical  salicyle  (OJ4H5O4),  of  which  salicylic  acid  would  be 
the  hydratcd  oxide.  We  find  this  view  of  the  constitution  of  tlieso  compounds  sup- 
ported by  the  circumstance,  tliat  when  the  oil  of  spiraja  is  heated  with  chloride  of 
benzoyle,  a  substance  is  obtained  which  may  bo  regarded  as  composed  of  the  two 
radicals  salicyle  and  benzoyle — 

C,4H,04.H    +    C,4H50,.C1    =    C„,H„0, .  C,4H„04    -j-    HCl . 

,    .  Chloride  of  r.        1      i,  ■ 

Oil  of  spirJBa.  bonzoyle.  Benzoylo-salicyle. 
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From  a  careful  study  of  the  behaviour  of  salicine  under  the  action  of  '^I'ioj's  ^-e^ 
a-ents  the  inference  has  been  drawn  that  it  is  a  compound  of  sahgenine  (C^^UbO  J 
with  a  substance  {O,fi,,0,,),  which  becomes  converted  into  grape-sugar,  by  assimila- 
tion of  water,  as  soon  as  it  is  separated  from  the  sahgenine. 

Salicine  is  occasionaUy  employed  in  medicine  as  a  febrifuge,  and  is  a 
common  adulteration  of  quinine. 

Salicine  is  the  cliief  member  of  the  class  of  substances  termed  glucosides, 
from  the  presence  of  grape-sugar  (glucose)  among  their  products  of  decom- 
position To  this  class  belong  several  other  substances  much  resemblmg 
sahcine,"  and,  like  it,  extracted  from  the  barks  of  different  trees. 

353.  FopuUne  (G^.S.fi,,)  is  a  sweet  crystalline  substance  obtained  from  the 
bark  and  leaves  of  the  aspen,  and  especially  interesting  Jrom  its  close  connection 
with  the  benzoyle  and  salicyle  series  ;  for  when  boiled  with  solution  of  baryta,  it  is 
decomposed  into  benzoic  acid  (which  unites  with  the  baryta)  and  sabcme— 

C.oHj^O,^  +  BaO.HO  =  BaO .  C^H^O,  -I-  0^,11,^^. 
Populine.  Benzoate  of  baryta.  Salicine. 

Nor  is  this  the  only  connecting  link,  for  populine  yields  oil  of  spiraea  when  distilled 
with  sulphuric  acid  and  bichromate  of  potash,  and  when  boiled  with  dilute  acids  it 
furnishes  benzoic  acid,  saliretine,  and  grape-sugar — 

C,oH,,0,,   +   4H0  =  HO,  C,,HP3   +   G,JI,0,   +   C,Jl,fi,, . 
Populine.  Benzoic  acid.  Saliretine.  Grape-sugar: 

In  order  to  explain  this  production  of  benzoyle  and  salicyle  compounds  from  popu- 
line it  is  usual  to  regard  this  substance  as  formed  from  salicine  (CgoHjgOiJ  by  the 
introduction  of  an  equivalent  of  benzoyle  (Cj^HgOj),  in  the  place  of  an  equivalent 
of  hydrogen — 

Populine.  Benzoyle-salicine. 
Phloridzine  (O.^H^^O^o)  is  extracted  from  the  bark  of  the  apple,  pear,  plum,  and 
cherry  tree  ;  it  crystallises  readily,  is  slightly  bitter,  and  when  boiled  with  dilute 
acids,  yields  grape-sugar  and  a  resinous  substance  called  phloretine  (C^^'R^fi^D). 
Its  most  interesting  property  is  that  of  forming  a  red  compound  {jphloridzeine)  when 
exposed  to  the  joint  influences  of  air  and  ammonia — 

+  0,-1-  2NH3  =  C,,H3„N,0,e  . 
Phloridzine.  Phloridzeine. 

This  red  compound  combines  with  ammonia  to  form  a  purple  mass  with  a  coppery 
lustre,  which  dissolves  in  water  with  a  fine  blue  colour.  The  production  of  this 
colouring  matter  from  phloridzine  is  an  excellent  example  of  that  conjoined  action 
of  air  and  ammonia  by  which  certain  natural  colouring  matters,  such  as  litmus,  are 
formed  from  substances  which  are  themselves  destitute  of  colour. 

Quercitrine  (CggHigO^o)  is  the  yellow  colouring  matter  extracted  by  alcohol  from 
the  bark  of  the  quercitron.  It  is  a  crystallisable  substance,  and  is  decomposed  by 
boiling  with  acids  into  grape-sugar  and  a  yellow  crystalline  body  called  quercetine— 

CaeH^gO^o  +  4H0  =  G,,Bfi,,  +  C.^H^.O,,. 
Quercitrine.  Quercetine.  Grape-sugar. 

UsculineXG^^E^fi,^)  is  extracted  from  the  bark  of  the  horse-chestnut  by  boiling 
water.  If  the  tannin  and  colouring  matter  be  precipitated  from  the  infusion  by 
acetate  of  lead,  the  filtered  liquid  treated  with  sulphuretted  liydrogen  to  remove  the 
excess  of  lead,  and  the  solution,  after  a  second  filtration,  evaporated,  the  esculme  is 
obtained  in  colourless  needles.  It  is  remarkable  for  ita  fluoresce7ice ;  although  its 
solution  is  colourless  by  transmitted  light,  it  appears  of  a  beautiful  deep  blue  colour 
when  viewed  at  certain  angles.  Tliis  substance  is  also  a  glucoside,  for  wlien 
boiled  with  dilute  acids,  it  yields  grape-sugar  and  a  crystalline  substance  known  as 
esculeline. 

+   lOHO  =  C,,H,Os   -I-  2C,JI,,0j,. 
;  Esciaine.  Esculctinc.  Grape-sugar. 

Paviine  also  occurs  in  the  horse-chestnut  bark,  but  in  far  larger  quantity  in  the 
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bark  of  the  ash.  It  is  distinguished  from  eaculine  by  exhibiting  a  green 
fluorescence. 

Saponine  is  a  substance  closely  allied  to  the  glucosides,  and  is  found  in  the  soap- 
wort,  the  fruit  of  the  horse-chestnut,  the  pimpernel,  the  root  of  the  pink,  and  in 
many  other  plants.  It  may  be  extracted  by  boiling  alcohol,  which  deposits  it  in  an 
amorphous  state  on  cooling.  Saponine  is  soluble  in  water,  and  its  solution  is  cha- 
racterised by  the  readiness  with  which  it  lathers,  like  soap  and  water,  although  it 
may  contain  a  very  small  quantity  of  saponine.  This  property  leads  to  the  use  of 
decoctions  containing  it,  such  as  those  of  the  soap-wort,  and  of  the  soap-nut  of 
India,  for  the  purpose  of  cleansing  certain  delicate  fabrics. 

Picrotoxine  (Cj^Hj^Ok,  ?)  is  a  crystalline  substance,  to  which  the  poisonous  pro- 
perties of  Cocculus  indicus  are  due.  It  appears  to  have  feeble  acid  tendencies,  and 
is  extracted  from  an  acidified  solution  by  shaking  with  ether.  On  evaporating  the 
ethereal  solution  it  leaves  prismatic  needles  of  an  intensely  bitter  taste. 

354.  Essential  oils  containing  sulphur — Allyle  series. — The  essen- 
tial oils  of  asafattida,  of  cress,  garlic,  Iwrseradisli,  leeks,  mustard,  onions, 
and  radishes,  differ  from  those  "which  have  heen  abeady  described  by  con- 
taining sulphur. 

Those  of  asafoetida,  cress,  garlic,  leeks,  onions,  and  radishes,  are  com- 
posed essentially  of  the  "same  substance,  represented  by  the  formula 
CgH-S.    The  essence  of  mustard  and  that  of  horseradish  are  composed  of 

The  chemistry  of  the  origin  of  essential  oil  of  mustard  is  analogous  to 
that  of  essence  of  almonds.  The  oil  is  obtained  from  .the  seeds  of  the 
black  mustard  after  removing  the  fixed  oil  (which  has  no  pungency  what- 
ever) by  pressure ;  on  moistening  the  crushed  seed  with  water,  the  pro- 
duction of  the  essential  oil  is  indicated  by  its  peculiar  odour,  and  it  may 
be  separated  from  the  seeds  by  distillation.  The  mustard  seeds  con- 
tain a  salt  of  potash  with  a  pecuKar  acid  called  myronic  acid,* 
(HO .  CggHjgNS^OjJ,  together  with  a  substance  similar  to  the  emulsine  of 
almonds,  which  has  been  termed  myrosine,  and  is  capable  of  inducing  the 
decomposition  of  the  myronic  acid,  and  the  consequent  production  of 
essence  of  mustard,  just  as  the  emulsine  of  almonds  developes  the  essential 
oil  by  the  decomposition  of  the  amygdaline  ;  in  the  case  of  mustard,  how- 
ever, the  nature  of  the  decomposition  has  not  been  so;  clearly  made  out, 
but  is  probably  represented  by  the  equation — 

H0.C,„H,,NS,0j3  =  C,H,NS^  +  Ci^H^.O,^  -f  HO  -f  2S0, . 

Mj^onicacid.  Glucose. 

The  essence  of  mustard  has  been  produced  artificially  in  a  very  inter- 
esting and  remarkable  manner. 

When  glycerine  (the  sweet  principle  of  the  fats  and  fixed  oils)  is  dis- 
tilled with  the  biniodide  of  phosphorus,  a  colourless  ethereal  liquid  is  ob- 
tained, which  has  the  composition  C„H  J,  and  is  called  iodide  of  allyle, 
because  when  distilled  with  sodium,  it  yields  iodide  of  sodium  and  a 
volatile  liquid  composed  of  C^Hj,  and  called  allyle,  in  allusion  to  its  pecu- 
liar odour  {allium,  garlic).  The  formation  of  iodide  of  allyle  is  explained 
by  the  following  equation — 

C„HA    +    PI,    =    C,HJ    ^    PO3    4-    3H0    -f  I. 

Glycerine  Iodide  of  allyle. 

"When  iodide  of  allyle  is  distilled  with  sulphocyanide  of  potas- 
sium, an  oily  liquid  is  obtained,  identical  in  properties  and  composition 

•  From  nvpov,  an  unguent. 
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witli  oH  of  mustard,  whicli  must  therefore  be  regarded  as  a  sulplweyanide 
of  allyle,  its  artificial  production  being  thus  explained— 

C,H,I    +    K(C,NS,)    =    5oH,-W,    +  KI. 

"    "  Sulpliocyanide  of 

T  i-A     t  Sulphocyanide  aUyle,  or 

Iodide  of  allyle.  potassium.  oil  of  nmstard. 

Additional  interest  is  created  in  tliis  artificial  formation  of  oil  of  mus- 
tard when  it  is  found  to  be  convertible  into  oil  of  garlic,  by  being  heated 
with  sulphide  of  potassium,  when  sulphocyanide  of  potassium  is  formed  at 
the  same  time,  thus — 

aH,.C,NS,    +    KS    =    C,H,.S    +  K(C,NS,). 

^    ^  -n  ,  Sulphocyanide 

Essence  of  mustard.  Essence  of  garhc.  pot-assium. 

Hence  it  is  inferred  that  the  essence  of  garlic  is  a  sxdpliide  of  allyle,  of 
which  essence  of  mustard  is  a  sulphocyanide. 

A  considerable  number  of  compounds  are  included  in  the  allyle  series,  but  are  not 
at  present  possessed  of  any  practical  importance. 

The  allylic  alcohol  (C5H5O.  HO)  is  interesting  as  the  prototype  of  a  new  class  ot 
alcohols,  parallel  with  that  represented  by  common  alcohol  (C^HgO  .  HO).  In  order 
to  obtain  it,  the  iodide  of  aUyle  is  decomposed  by  oxalate  of  silver,  when  oxalate  ot 
allyle  is  obtained — 

C,H,I    +    AgO.CA    =    C.H.O.CA    +  Agl. 
Iodide  of  allyle.  Oxalate  of  allyle. 

By  treating  oxalate  of  allyle  with  ammonia,  allylic  alcohol  and  oxamide  are 

obtained —  „  „ 

C.H.O.C.Og  +  NH3  =  C,H,O.HO  +  C,H,NO, 
Oxalate  of  aUyle.  AllyUc  alcohol.  Oxamide. 

AUylene  (CgHJ,  the  olefiant  gas  of  the  allyle  series,  is  homologous  with  acetylene 
(C  Ho)  and  much  resembles  it  in  its  chemical  relations.  It  has  been  prepared  by 
lieating  chlorinated  propylene  in  a  sealed  tube  with  sodium-alcohol.  The  chlorin- 
ated propylene  is  a  product  of  the  action  of  pentachloride  of  phosphorus  upon 
acetone — 

C,He02    +    PCI,    =    C,H,C1    +    HCl    +  PCI3O,; 
Acetone.  Chlorinated  propylene. 

CgH.Cl    +    C.H.NaO^    =    C^H,    +    NaCl    +    C.H.Oz . 

Sodium-alcohol.        AUylene.  Alcohol 
By  its  action  on  ammoniacal  nitrate  of  silver,  it  yields  argentallyUne,  CgHjAg. 
When  sodium  is  heated  in  allylene,  carbon  and  hydrogen  are  liberated,  and  sodic 
acetylide  is  formed,  C^B.^  +  Na^  =  C^Na^  +  C„  +  H^,  a  little  propylene  {G.B.,) 
is  formed  at  the  same  time. 

355.  GuM-EBSiNS. — The  gum-resins  consist  of  a  mixture  of  gum  with 
resin,  and  occasionally  with  essential  oil,  and  are  distinguished  by  their 
behaviour  when  triturated  with  water,  which  dissolves  the  gum  and  leaves 
the  oil  and  resin  suspended,  giving  the  liquid  a  mHky  appearance.  They 
also  differ  from  most  resins  in  being  only  partially  soluble  in  alcohol.  The 
gum-resins  exude  from  the  plants  producing  them  in  a  milky  state, 
gradually  solidifying  by  exposure  to  the  air. 

Asafoitida  contains  a  resin  of  the  composition  and  owes  its 

powerful  odour  to  an  essential  oil  containing  sulphur,  which  has  been 
already  noticed.  Galhamim,  ammoniamm,  aloes,  olibanum  or  franldncense, 
scammony,  guniboge,  myirh,  and  evpliorhium,  also  belong  to  the  class  of 
gum-resins. 

Caoutchouc  (C5HJ  is  so  far  allied  to  the  gum-rcsins,  that  it  is  procui-ed 
from  a  milky  exudation  furnished  by  several  tropical  plants,  particularly 
by  the  Hatvasa  guianensis  and  Jatropha  elastica.    Incisions  are  made  in 
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these  trees,  and  the  milky  liquid  thus  obtained  is  spread  upon  a  clay 
bottle-shaped  moidd,  M'hich  is  then  suspended  over  a  fii'e  ■  a  layer  of 
caoutchouc  IS  thus  deposited  upon  the  mould,  and  its  thickness  is  after- 
Avards  mcreased  by  repeated  applications  of  the  milkj-  liquid,  the  mould 
being  eventually  broken  out  of  the  caoutchouc  bottle  thus  formed.  The 
dark  colour  ot  the  caoutchouc  found  in  commerce  is  believed  to  be  due 
to  the  smoke  from  the  hre  over  which  it  is  dried,  for  pm-e  caoutchouc  is 
white,  and  may  be  obtained  in  this  state  by  dissolvmg  in  washed  ether 
mid  precipitatmg  it  by  the  addition  of  alcohol,  in  which  it  is  insoluble 
ilie  caoutchouc  of  coimnerce  contams  a  small  quantity  of  albumen,  derived 
rom  the  original  mdky  liquid,  this  bemg  really  a  solution  of  albumen 
holdmg  in  suspension  about  30  per  cent,  of  caoutchouc,  which  rises  to  the 
surface  like  cream,  when  tlie  juice  is  diluted  with  water  and  aUowed  to 
stand,  becoming  coherent  and  elastic  when  exposed  to  air.    It  will  be  re- 
raembered  that  many  of  the  chief  uses  of  caoutchouc  depend  upon  its 
physical  rather  than  its  chemical  properties,  its  lightness  (sp.  gr  0-93) 
and  impermeabdity  to  water  adapting  it  for  the  fabrication  of  waterproof 
articles  of  clothmg,  of  life-buoys,  &c., 'whilst  its  remarkable  elasticity  gives 
rise  to  a  stdl  gi-eater  variety  of  applications. 

For  the  manufacture  of  waterproof  cloth,  caoutchouc  is  dissolved  in 
rectihed  turpentme,  and  the  solution  is  spread,  in  a  viscid  state,  over  the 
surfaces  of  two  pieces  of  cloth  of  the  same  size,  which  are  then  laid  face 
to  tace  and  passed  between  rollers,  the  pressure  of  which  causes  perfect 
adhesion  between  the  two  surfaces.  Bisidphide  of  carboh,'  benzole,  and 
coal  naphtha,  pertroleum,  the  oUs,  both  fixed  and  volatile,  are  also 
capable  ol  dissolving  caoutchouc. 

iMarme  glue  is  a  solution  of  caoutchouc  with  a  little  sheU-lac  in  coal 
tar  naphtha. 

Water2Vvof  felt  is  made  by  matting  together  fibres  of  cotton  im- 
pregnated with  a  solution  of  caoutchouc  in  naphtha,  and  passing  the  felt 
between  roUers.  When  kept  for  a  length  of  time,  its  strength  and  M-ater- 
proot  qualities  are  deteriorated,  in  consequence  of  the  oxidation  of  the 
caoutchouc,  which  is  thus  converted  into  a  resinous  substance  resembling 
8iiell-hic,  and  easily  dissolved  by  alcohol. 

The  alkalies  and  diluted  acids  are  without  efi"ect  upon  caoutchouc 
V\  hen  gently  warmed,  it  becomes  far  more  soft  and  phable;  it  fuses  at 
about  250°  F.,  and  is  converted  into  an  oily  liquid  which  becomes  viscid 
on  cooling,  but  will  not  again  solidify,  and  is  useful  for  lubricating  stop- 
cocks. When  further  heated  in  an-,  it  burns  with  a  bright  smoky  flame. 
Heated  in  a  retort,  caoutchouc  is  decomposed  into  several  hydrocarbons 
one  of  which,  called  isoprene,  boils  at  about  100°  F.,  and  has  the  com- 
position CmH„  while  caoiitchine  has  the  same  composition  as  oil  of 
turpentme,  and  boils  at  340°  F. ;  they  are  well  adapted  for  dissolvincr 
caoutchouc. 

Vulcanised  caoutclwuc  is  produced  by  incorporating  this  substance  with 
^  or  3  per  cent,  of  sulphur,  whidi  not  only  increases  in  a  remarkable 
manner  its  elasticity,  but  prevents  it  from  cohering  under  pressure  and 
irom  adhenng  to  other  surfaces  unless  strongly  heated.    The  vulcanised 
caoutchouc  is  also  insoluble  in  turpentine  and  naphtha.    Ordinary  vul 
canised  caoutchouc  generally  contains  more  sulphur  than  is  stated  above 
Which  causes  it  to  become  inelastic  and  brittle  after  it  has  been  some 
>mo  in  use  ;  and  for  some  purposes,  such  as  tlie  manufacture  of  overshoes 
It  18  found  advantageous  to  add  some  carbonate  of  lead  as  well  as  sulphur 
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When  a  sheet  of  caoutchouc  is  allowed  to  remain  for  some  time  in  fused 
sulphvu-  at  250°  F.,  it  absorbs  12  or  15  per  cent,  of  that  element  without 
suffering  any  material  alteration;  hut  if  it  he  heated  for  a  short  tune  to 
300°  F.,  it  becomes  vulcanised;  and  when  still  further  heated,  is  converted 
into  the'black  horny  substance  called  vulcanite  or  ebonite,  and  used  for  the 
manufacture  of  combs,  &c.  By  treating  the  vulcanised  caoutchouc  with 
sulphite  of  soda,  the  excess  of  sulphur  above  2  or  3  per  cent,  may  be  dis- 

^°^Thereare  several  processes  employed  for  the  manufacture  of  vulcanised 
caoutchouc;  sometimes  the  sulphur  is  simply  incorporated  with  it  by 
mechanical  means.  Another  process  consists  in  immersing  the  caoutchouc 
in  a  mixture  of  100  parts  of  bisulphide  of  carbon  with  2-5  parts  of  chloride 
of  sidphur  (S,C1),*  or  in  dissolving  the  sulphur  in  oil  of  turpentine,  which 
is  afterwards  used  to  dissolve  the  caoutchouc.  When  the  tiu-pentine  has 
evaporated,  a  mixture  of  caoutchouc  and  sidphur  is  left,  which  may  easily 
be  moulded  into  any  desired  form,  and  afterwards  vulcanised  by  exposure 
to  high  pressure  steam,  having  a  temperature  of  about  280°  F. 

The  true  chemical  constitution  of  vulcanised  caoutchouc  is  not  yet 
understood ;  it  has  been  suggested  that  the  sulphur  has  been  substituted 
for  a  portion  of  the  hydrogen  in  the  original  caoutchouc,  but  it  does  not 
seem  improbable  that  this  hydrocarbon  may  combine  directly  with  sulphur. 

Caoutchouc  is  by  no  means  rare  in  the  vegetable  world,  being  found  in 
the  milky  juices  of  the  poppy  (and  thence  in  opium),  of  the  lettuce,  of 
the  euphorbium*knd  asclepia  families. 

Gutta  percha,  like  caoutchouc,  is  originally  a  milky  juice  which  exudes 
from  incisions  made  into  the  wood  of  the  Isonandra  j^ercha,  a  native  ot 
the  Eastern  archipelago.  This  juice  soon  soHdifies  when  exposed  to  air, 
to  a  brownish  mass  heavier  than  caoutchouc  (sp.  gr.  0-98),  and  differmg 
widely  from  it  by  being  tough  and  inelastic  at  the  ordinary  temperature, 
becoming  quite  soft  and  plastic  when  heated  nearly  to  the  boiling  point 
of  water.  Being  impervious  to  water,  it  is  employed  as  a  waterproof 
material  and  for  water-pipes,  whilst  its  want  of  conducting  power  for  elec- 
tricity is  turned  to  account  in  the  coating  of  wires  for  the  electric  telegraph. 

Gutta  percha  is  dissolved  by  the  same  substances  which  dissolve  caout- 
chouc. Though  it  dissolves  very  slowly  in  ether,  it  is  not  affected  by 
diluted  acids  and  alkalies,  and  is  employed  for  the  manufacture  of  bottles 
in  which  hydrofluoric  acid  is  kept.  It  liquefies  at  a  moderately  high 
temperature,  and  is  afterwards  decomposed,  yielduig  products  sunUar  to 
those  obtained  from  caoutchouc. 

The  gutta  percha  of  commerce  appears  to  contain  only  about  80  per 
cent,  of  pure  gutta  percha  (C^oHg,),  which  is  soluble  in  ether,  the  re- 
mainder consisting  of  two  resins  which  may  be  dissolved  out  by  boilmg  with 
alcohol,  when  a  white  crystaUine  resin_(C  Ji^.O,)  is  deposited  on  coohng, 
leaving  an  amorphous  resin  (Cj^H.^O.,)  in  solution.  _ 
■  Pure  gutta  percha,  exposed  to  air,  is  gradually  converted  into  these 
resinous  bodies,  unless  light  be  excluded. 

356.  Gums.— Connected  with  the  substances  just  described  as  being 
immediate  products  of  vegetable  life,  are  the  gums,  which,  though  resem- 
bling the  resins  in  transparency  and  lustre,  are  at  once  distinguished  from 
them  by  their  solubility  or  softening  in  water,  and  by  their  insolubihty  m 
alcohol. 

*  A  mixture  ol'  sulpliur  and  cWoride  of  lime  is  said  to  be  sometimes  employed. 
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Oum  arahic,  wliicli  may  be  studied  as  the  representative  of  this  class, 
is  an  exudation  from  certain  species  of  acacia,  and  consists  essentially  of 
arabine,  which  has  the  composition  C,,_,HjjO„  .    It  dissolves  readily,  even 
I    in  cold  water,  in  large  proportion,  forming  a  viscid  liquid,  from  which  the 
arabine  is  precipitated  in  white  flakes  on  adding  alcohol. 

When  arabine  is  boiled  with  diluted  sulphmic  acid,  it  is  converted  slowly 
into  grape-sugai-  (Cj„H,p,J  by  assimilating  the  elements  of  three  equiva- 
lents of  water,  a  property  connecting  it  closely  with  starch,  which  is  sus- 
ceptible of  a  similar  conversion. 

Eut  a  chemical  property  distinguishing  the  gums  is  their  behaviour 
with  nitric  acid,  which  furnishes  mticic  acid  (2H0 .  Cj^HgOj^)  and  oxalic 
acid  (HO.  C,0^).  The  latter  acid  is  also  formed  by  the  action  of  nitric 
acid  upon  starch  and  sugar,  whilst  mucic  acid  may  be  obtained  by  a 
similar  process  from  sugar  of  milk  and  from  manna  sugar  (mannite). 

Gmn  Senegal  is  often  used  in  place  of  gum  arable,  especially  by  calico- 
printers  to  thicken  their  colours.  It  is  darker  in  colour  than  gum  arable, 
but  also  consists  essentially  of  arabine. 

Gum  tragacanth  (Ci2ll,„0,o),  which  exudes  from  tbe  Astragalus  Traga- 
cantlia,  is  far  less  transparent  than  gum  arable,  from  which  it  also  differs 
by  not  dissolving  in  water,  but  merely  swelling  up  to  a  soft  gelatinous 
mass.  ^  This  variety  of  gum,  which  is  also  called  mucilage,  cerasine,  or 
hassorine,  is  foimd,  together  with  arabine,  in  the  gum  which  exudes 
from  the  cherry,  plum,  almond,  and  apricot  trees,  and  gives  the  mucila- 
ginous character  to  the  watery  decoctions  prepared  from  certain  seeds,  such 
as  hnseed  and  quince-seed,  and  from  the  root  -of  the  marsh-mallow.  . 

Starch. 

357.  Starch  (Cj2Hj,,0,„)  differs  widely  from  the  vegetable  products  just 
noticed,  in  being  an  indispensable  constituent  of  certain  parts  of  plants, 
in  possessing  an  organised  structure,  and  playing  a  very  important  part  in 
the  nutrition  of  the  plant. 

In  composition,  it  is  seen  to  correspond  with  cellulose,  which  has  also, 
it  will  be  remembered,  an  organised  structure;  but  the  function  of  cel- 
lulose in  the  plant  appears  to  be  chiefly,  if  not  entirely,  a  mechanical  one, 
since  it  forms  the  skeleton  or  framework  of  the  plant,  for  which  its  resist- 
ance to  chemical  change  especially  adapts  it;  whilst  it  will  be  seen  that 
starch  suffers  chemical  changes  in  the  vegetable,  which  may  be  comjjared 
in  some  measure  to  the  digestion  of  the  food  in  the  animal  body. 

Starch  is  manufactured  chiefly  from  potatoes,  wheat,  and  rice. 

The  solid  portion  of  the  potato  consists  chiefly  of  starch,  as  appears  in 
the  following  result  of  analysis  : — 


Composition  of  the  Potato. 


Water, 

75-9 

Vegetable  albumen, 

2-3 

Oily  matter, 

0-2 

Woody  fibre, 

0-4 

Starch, 

20-2 

Mineral  substances, 

I'O 

lOO'O 

Tn  order  to  extract  tlie  starch,  the  potatoes  are  rasped  to  a  pulji,  wliich 
is  washed  upon  a  sieve,  under  a  stream  of  water,  as  long  as  the  latter  is 
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rendered  milky  by  the  starch  suspended  in  it,  the  woody  fibre  being  left 
behind  upon  the  sieve.  The  milky  liquid  is  allowed  to  settle,  and  the 
clear  water  drawn  oif;  the  deposited  starch  is  then  stirred  up  with  fresh 
water,  and  again  allowed  to  subside,  this  process  being  repeated  as  long 
as  the  water  is  coloured,  after  which  the  starch  is  mixed  with  a  smaU 
quantity  of  water,  and  passed  through  a  fine  sieve  to  separate  mechani- 
cally mixed  impurities ;  it  is  finally  drained  and  dried,  first,  in  a  current 
of  air,  and  afterwards  by  a  gentle  heat. 

Starch  cannot  be  extracted  from  wheat  so  easily  as  from  potatoes,  on 
account  of  the  much  larger  proportion  of  other  solid  matters  from  which 
it  must  be  separated. 


Composition  of  Wlimt. 

Water, 

Vegetable  albumen, 
Oily  matter, 
Woody  fibre, 
Starch, 

Dextrine  and  sngar,* 
Gluten, 

Mineral  substances, 


12-1 
2-0 
1-1 
1-5 
60-8 
10-5 
10-5 
1-5 

100-0 


To  extract  the  starch,  the  coarsely-ground  wheat  is  moistened  with 
water,  and  allowed  to  putrefy,  as  it  easily  does,  in  consequence  of  the  alter- 
able character  of  the  gluten  (which  contains  carbon,  hydrogen,  mtrogen, 
oxygen,  and  sulphur) ;  the  putrefying  gluten  excites  fermentation  in  the 
sugar  and  part  of  the  starch,  producing  acetic  and  lactic  acids,  ihese 
acids  are  capable  of  dissolving  the  remainder  of  the  gluten,  which  may 
then  be  washed  away  by  water,  the  subsequent  processes  being  sinular  to 
those  employed  in  the  extraction  of  potato  starch. 

A  far  more  economical  and  scientific  method  of  extracting  the  starch 
consists  in  dissolving  the  gluten  by  means  of  a  weak  alkaline  solution, 
which  leaves  the  starch  untouched.  This  process  is  especiaUy  appbed  m 
the  manufacture  of  starch  from  rice,  the  composition  of  which  is  here 


Composition  of  Rice. 


Water, 
Starch, 
Gluten, 
Woody  fibre. 
Sugar,  1 
Dextrine,  J  ' 
Oily  matter, 
Mineral  matters. 


5-  0 
83-0 

6-  0 
4-8 

1-0 

0-1 
0-1 

100-0 


The  whole  rice  is  aUowed  to  soak  for  twenty-four  hours  in  water  con- 
taining ^i^th  of  its  weight  of  caustic  soda;  it  is  then  washed  and  groima 
into  flour,  which  is  again  soaked  for  two  or  tlu-ee  days  m  a  fi-esh  alkaime 
solution ;  the  starch  is  allowed  to  settle,  and  the  alkabne  liquor  holding 
the  gluten  in  solution  is  drawn  off.  To  complete  the  purification  ol  tlie 
starch,  it  is  stirred  up  with  water,  the  heavier  woody  fibre  aUowed  to  sub- 

*  The  e.xistence  of  sugni-  in  wheat  is  denied  by  P61igot. 
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side,  and  tlie  milky  liquid  is  nm  off  into  another  vessel,  where  it  deposits 
the  starch.  ^ 

Starch  is  usually  sent  into  commerce  in  the  rough  prismatic  fragments 
into  which  it  splits  dm-ing  the  process  of  drymg,  and  is  generally  coloured 
blue  by  the  addition  of  a  httle  artificial  ultramarine  or  smalt,  in  order  to 
correct  the  yellow  tint  of  linen.  Commercial  starch  generaUy  contains 
about  18  per  cent,  of  water. 

Starch  being  possessed  of  an  organised  structure,  might  be  expected  to 
vary  m  external  characters  with  the  source  from  which  it  was  derived  • 
and,  accordingly,  we  find  that,  with  the  help  of  the  microscope,  it  may  be 
ascertained  fi-om  what  plant  any  particular  specimen  of  starch  was  pro- 
cured, a  result  which  could  not  be  arrived  at  by  a  chemical  examination 

ihus,  powdered  starch  fi-om  the  potato  (P,  fig.  271)  appears  undar  the 
microscope  m  very  m-egular  ovoid  grannies,  marked  with  concentric  xm<^s, 
and  of  larger  si^e  than  those  from  most  other  vegetables,  the  long  diameter 


Kg.  271. 

of  the  grains  being  usuaUy  about  inch.  Wheat  starch  (W)  exhibits 
grams  which  are  nearly  circular,  and  are  not  marked  with  rings ;  they  are 
much  smaller  than  those  of  potato  starch,  having  a  cUameter  of  about 
To\yo  of  an  inch.  The  grains  of  rice  starch  (E)  are  angular,  and  still 
smaUer,  measuring  only  about  of  an  inch  in  diameter.  A.  represents 
the  starch  granules  of  arrow-root. 

Starch  is  quite  unaffected  by  cold  water  ;  but  if  it  be  heated  with  water 
to  a  temperature  above  140°  F.,  the  granules  sweU  up,  burst,  and  yield 
the  well-known  viscid  liquid  used  by  laundresses.  If  this  be  mixed  with 
a  large  quantity  of  water,  and  allowed  to  stand,  some  of  the  imperfectly 
burst  granules  subside,  but  the  greater  part  of  the  starch  remains  so  inti- 
mately mixed  with  the  water,  that  it  is  not  separated  by  filtration  thi-ough 
paper,  though  it  has  been  shown  that  when  the  rootlets  of  a  hyacinth  are 
unmersed  in  the  diluted  magma  of  starch,  the  water  alone  is  taken  up  by 
the  capillary  vessels,  affording  a  strong  presumption  that  the  starch  was 
simply  in  a  state  of  suspension  in  the  water.  If  the  boiled  starch  be  eva- 
porated to  dryness,  a  brittle  mass  remains,  which  may  again  be  taken  up 
without  difficulty  by  water. 

This  peculiar  behaviour  of  starch  with  water  is  closely  connected  with 
its  use  as  food.  Eaw  starch  is  digested  with  difficulty,  and  often  passes 
unaltered  through  the  bowels,  but  the  ease  with  which  the  starch  gela- 
tinised by  heat  is  digested,  is  shown  by  the  wholcsomeness  of  sago 
tapioca,  and  arrowroot,  which  consist  simply  of  starch,  and  are  prepared  for 
food  by  heating  them  with  water  to  tlie  point  at  which  the  granules  burst 

Arrow-root  is  the  starch  extracted  from  the  root  of  the  Marnnla  arun- 
dinacea,  and  of  some  other  tropical  plants. 

In  the  preparation  of  tapioca  and  sago,  the  starch  is  dried  at  a  tem 
perature  above  140°  F.,  so  that  it  loses  its  ordinary  farinaceous  appearance 
and  becomes  semi-transparent. 


486 


CONVERSION  OF  STARCH  INTO  DEXTRINE. 


Sago  is  manufactured  from  the  pith  of  certain  species  of  palm,  natives 
of  the  East  Indian  islands.  The  tree  is  split  so  as  to  expose  the  pith, 
which  is  mixed  with  water,  and  the  starch  having  been  separated  from 
the  woody  fibre  in  the  usual  manner,  is  pressed  through  a  perforated 
metallic  plate,  which  moulds  it  into  small  cylinders ;  these  are  placed  in  a 
revolving  vessel  and  broken  into  rough  spherical  grains,  which  are  steamed 
uj)on  a  sieve,  and  dried. 

Tapioca  is  obtained  from  the  roots  of  the  Jatropha  manihot,  a  native 
of  America.  The  roots  are  peeled  and  subjected  to  pressure,  which 
squeezes  out  a  juice  employed  by  the  Indians  to  poison  their  arrows,  and 
containing  a  deleterious  substance  which  has  been  named  jatruphitie. 
"When  the  juice  is  allowed  to  stand,  it  deposits  starch,  which  is  well 
washed,  pressed  tlirough  a  colander,  and  dried  at  212° 

358.  Dextrine. — ^When  starch  is  heated  in  an  oven  to  about  400°  F. 
for  an  hoiu-  or  two,  it  becomes  easily  soluble  in  cold  water,  yielding  a 
solution  having  aU  the  properties  of  gum ;  the  starch  has  indeed  been 
converted  into  a  new  substance  known  as  dextrine  or  British  gum,  which 
is  largely  used  by  calico-printers  for  thickening  their  colours,  and  is  sub- 
stituted for  ordinary  gum  in  many  other  applications.  There  is  a  current 
anecdote  which  attributes  the  discovery  of  dextrine  to  a  conflagration  at 
a  starch-factory,  where  the  work-people',  who  assisted  in  quenching  the 
fire,  observed  the  gummy  properties  of  the  water  which  had  been  thrown 
over  the  torrefied  starch.  In  toasting  bread,  a  portion  of  the  starch  is 
converted  into  dextrine,  which  is  dissolved  by  the  water  in  the  preparar 
tion  of  toast  and  water. 

It  is  very  remarkable  that  the  composition  of  dextrine  (C,2H,oO,p)  is 
precisely  that  of  starch;  they  are  isomeric  bodies,  so  that  the  difference  in 
their  properties  must  be  ascribed  to  a  difference  in  the  arrangement  of 
their  component  particles ;  the  name  of  dextrine  was  conferred  upon  this 
gummy  substance  on  account  of  the  power  possessed  by  its  solution  of 
causing  a  right-handed  rotation  in  a  ray  of  polarised  hght.  When  oxidised 
by  nitric  acid,  dextrine,  like  starch,  is  converted  into  oxaHc  acid,  a  cir- 
cumstance distinguishing  it  from  ordinary  gum,  wliich  furnishes  mucic 
acid  when  acted  upon  by  nitric  acid. 

Dextrine  is  usually  prepared  on  the  large  scale  by  moistening  10  parts 
of  starch  with  3  parts  of  water  acidulated  with  ^Joth  of  nitric  acid;  the 
mixture  is  allowed  to  dry,  and  spread  upon  trays  in  an  oven,  where  it  is 
heated  for  an  hour  or  so  to  240°  F.  The  nitric  acid  thus  allows  the 
starch  to  be  converted  into  dextrine  at  a  temperature  Avhich  woidd  be 
quite  inadequate  to  effect  the  transformation  of  starch  alone. 

This  power  of  accelerating  the  conversion  of  starch  into  dextriiie  is 
shared  by  all  acids.  Hence  if  starch  be  boiled  with  water,  and  the  %ascid 
liquid  so  obtained  be  mixed  with  an  acid,  and  again  boiled,  it  gradually 
becomes  thinner,  and  is  eventually  converted  into  dextrine.  The  change 
is  very  readily  effected  by  boiling  the  starch  solution  Avdth  a  few  drops  of 
sulphuric  acid,  and  the  gradual  conversion  of  the  starch  may  be  traced  by 
means  of  an  aqueous  solution  of  iodine.  On  adding  tliis  solution  to  a  por- 
tion of  the  (cold)  solution  of  starch,  it  produces  the  usual  dark  blue 
colour;  but  on  adding  it,  at  intervals,  to  portions  of  the  acidulated  and 
boiled  liquid,  taken  away  and  cooled  for  the  purpose,  the  blue  colom-  wi^ 
be  replaced  by  a  peculiar  vinous  purple  tint  whicli  iodine  imparts  to  solu- 
tions of  dextrine. 
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TIio  solution  of  iodine  is  much  used  in  proximate  organic  analysis  as  a 
test  for  starch,  and  it  is  necessary  to  bear  in  mind  that  the  blue  colour  is 
bleached  by  allcalies  (which  take  up  the  iodine)  and  by  heat,  though,  in 
the  latter  case,  it  may  be  restored  by  cooling  the  liquid.  The  blue  colour 
does  not  appear  to  be  dxie  to  the  formation  of  any  definite  chemical  com- 
poimd  with  the  starch,  but  rather  to  a  mechanical  adhesion  of  very  finely 
divided  iodine  to  the  particles  of  starch.  The  sensitiveness  of  starch  to 
the  action  oi  free  iodine  has  given  rise  to  its  application  in  the  preparation 
of  paper  for  the  prevention  of  forgery  in  bankers'  cheques,  &c.  If  paper 
be  impregnated  with  a  mixture  of  iodide  of  potassium  and  starch,  which, 
is  perfectly  white,  it  will  acquire  an  intense  blue  coloiu  on  the  application 
of  any  of  the  bleaching  agents  (chlorine,  hypochlorous  acid,  chlorides  of 
lime  and  soda),  generally  used  for  removing  ink,  as  these  liberate  the 
iodine,  which  immediately  blues  the  starch. 

If  the  ebullition  of  the  dextrine  in  contact  with  the  sulphuric  acid  be 
continued,  the  solution  entirely  loses  its  property  of  being  coloured  by 
iodine,  and  acquires  a  sweet  taste,  the  dextrine  having  been  converted  into 
glucose  or  grape-sugar  by  assimilating  the  elements  of  four 

equivalents  of  water* — 

C^H,30,o    +    4H0  C^H^^Ou- 

Dextrine.  Grape-sugar. 

359.  Germination  of  seeds — Malting. — This  tendency  of  starch  to  com- 
bine Avith  the  elements  of  water  and  pass  into  grape-sugar,  will  be  found 
of  immense  importance  in  the  chemistry  of  vegetation,  as  well  as  in  that  of 
food.  It  is,  indeed,  the  chief  chemical  change  concerned  in  the  develop- 
ment of  living  from  inanimate  matter,  being  one  of  the  fLrst  processes 
involved  in  the  germination  of  a  seed — the  first  step  in  the  production  of 
vegetables,  which  must  precede  the  animals  whose  food  they  compose. 

The  components  of  all  seeds  are  similar  to  those  of  wheat,  which  have 
been  enumerated  above ;  and  if  they  be  perfectly  dried  immediately  after 
their  removal  from  the  parent  plant,  they  may  be  preserved  for  a  great 
length  of  time  unchanged,  and  without  losing  the  power  of  germinatingunder 
favourable  circumstances.  The  essential  conditions  of  germination  are  the 
presence  of  air  and  moisture,  and  a  certain,  temperature,  which  varies  with 
the  nature  of  the  seed.  These  conditions  being  fulfilled,  the  seed  absorbs 
oxygen  from  the  air,  and  evolves  carbonic  acid,  produced  by  the  combina- 
tion of  the  oxygen  with  the  carbon  of  one  or  more  of  the  most  alterable 
constituents  of  the  seed,  such  as  the  vegetable  albumen  or  the  gluten. 
This  process  of  oxidation  is  attended  with  evolution  of  heat,  which  serves 
to  maintain  the  seed  at  the  degree  of  warmth  most  favourable  to  germina- 
tion. The  component  particles  of  the  albumen  or  gluten  having  been  set 
in  motion  by  the  action  of  the  atmospheric  oxygen,  induce  a  movement  or 
chemical  change  in  the  starch  with  which  they  are  in  contact,  causing  it 
to  pass  into  dextrine  and  grape-sugar,  which,  unlike  the  starch,  being 
perfectly  soluble  in  water,  are  capable  of  affording  to  the  developing  shoot, 
the  carbon,  hydrogen,  and  oxygen  which  it  requires  for  the  increase  of  its 
frame.    The  production  of  grape-sugar  and  of  dextrine  in  germination  is 

*  There  is  some  reason  to  believe  tliat  tlic  formation  of  grape-sugar  from  starch  results 
from  a  change  similar  to  that  liy  which  it  is  obtained  from  salicine  and  other  glucosides. 
Thus— 

C,,H,„0,„    +    41-10   =   C,,H,oO,o    +  C,,HhO„ 
2  eqs.  starcli.  Dextrine.  Glucose. 


488 


PROCESS  OF  MA.LTING. 


well  illustrated  by  tlie  sweet  gummy  character  of  the  bread  made  from 
sprouted  wheat,  and  is  turned  to  practical  account  in  the  process  of  malting. 

During  the  germination  of  all  seeds,  there  is  formed,  apparently  by  the 
oxidation  of  one  of  the  more  alterable  constituents,  a  peculiar  substance 
containing  carbon,  hydrogen,  nitrogen,  and  oxygen,  which  has  never  yet 
been  obtained  from  any  other  source,  and  is  characterised  by  its  remark- 
able property  of  inducing  the  conversion  of  starch  into  dextrine  and  grape- 
sugar. 

This  substance  has  been  termed  diastase  (BLaaTaa-L?,  dissension;  metaph. 
fermentation),  but  has  never  yet  been  obtained  in  a  state  of  sufficient 
purity  to  enable  its  formula  to  be  satisfactorily  determined.  It  may  be 
extracted,  however,  from  malt,  by  grinding  it,  and  mixing  it  with  half 
its  weight  of  warm  water,  which  dissolves  the  diastase ;  the  solution 
squeezed  out  of  the  malt  is  heated  to  about  170°  F.,  filtered  from  any 
coagulated  albumen,  and  mixed  with  absolute  alcohol,  which  precipitates 
the  diastase  in  white  flakes.  One  j)art  of  diastase  dissolved  in  water  is 
capable  of  inducing  the  conversion  of  2000  parts  of  starch  into  dextrine 
and  grape-sugar,  the  diastase  itself  being  exhausted  in  the  process.  A 
temperature  of  about  150°  F.  is  most  favourable  to  the  action  of  diastase, 
which  may  be  arrested  entii-eiy  by  raising  the  liquid  to  the  boiling 
point. 

The  great  importance  of  diastase  in  the  arts  of  the  brewer  and  distiller 
is  at  once  apparent.  In  the  process  of  malting  barley,  the  grain  is  soaked 
in  water,  and  afterwards  spread  out  in  thin  layers  upon  the  floor  of  a  dark 
room  (thus  imitating  the  natural  condition  under  which  the  seed  germi- 
nates), which  is  maintained  as  nearly  as  possible  at  a  constant  and  moderate 
temperature  (between  55°  and  62°  F.) ;  spring  and  autumn  are,  therefore, 
more  favourable  to  malting  than  summer  and  winter.  It  soon  evolves 
heat,  and  the  graias  begin  to  swell ;  in  the  course  of  twenty-foiu:  hours 
the  germination  commences,  and  the  radicle  makes  its  first  appearance  as 
a  whitish  protuberance  ;  the  graiu  is  turned  two  or  three  times  a-day,  ia 
order  to  equalise  the  temperature.  In  about  a  fortnight,  the  radicle  has 
grown  to  about  half  an  inch,  by  which  time  a  sufficient  quantity  of  dias- 
tase has  been  formed.  In  order  to  prevent  the  germination  from  proceeding 
further,  the  grain  is  killed  by  di-ying  it  at  a  temperature  of  90°  F.  on  per- 
forated metallic  plates,  where  it  is  afterwards  heated  to  about  140°  F.,  so 
as  to  render  it  brittle,  after  which  it  is  sifted  iu  order  to  separate  the 
radicle,  which  is  now  easily  broken  ofi".  This  radicle  is  found  to  contain 
as  much  as  Jth  of  the  total  quantity  of  the  nitrogen  present  in  the  barley, 
so  that  the  malt  dust,  as  the  siftings  are  called,  forms  a  valuable  manure. 

100  parts  of  barley  generally  yield  about  80  parts  of  malt,  but  a  part  of 
the  loss  is  due  to  water  present  in  the  barley,  so  that  100  parts  of  dry 
barley  yield  90  parts  of  malt,  and  4  parts  of  malt  dust,  the  difference,  viz., 
6  parts,  representing  the  weight  of  the  carbon  converted  into  carbonic  acid, 
of  the  hydrogen  (if  any)  converted  into  water  diu'ing  the  germination,  and 
of  soluble  matters  removed  from  the  barley  in  steeping.  Malt  contains 
about  -g- J-g-th  of  its  weight  of  diastase,  far  more  than  enough  to  ensure  the 
conversion  of  the  whole  of  its  starch  into  sugar, 

Tho  following  table*  illustrates  the  change  in  composition  suffered  by  barley 
during  tho  process  of  malting,  leaving  the  moisture  out  of  consideration  : — 


*  Lawes ;  Report  on  tlie  Relative  Values  of  Uninalted  and  Malted  Barley  as  Foot!  for 
lock.  1860. 
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Barley. 

After 
steeping. 

14 J  days 
on  floor. 

Malt  after 
siflinK. 

Malt  Dust. 

"Woody  fibre  

Albuniinous  matter, 
Mineral  matter,  .    .  . 

2-56 
80-42 
4-69 

2-50 

1-  56 
81-12 

5-22 
9-83 

2-  27 

12-14 

70-09 

5-03 
10-39 
2-35 

11-01 
72-03 

4-84 
9-95 
2-17 

11-35 

43-riS 

9-67 
26-90 
8-40 

100-00 

100-00 

100-00 

100-00 

100-00 

360.  Brewing. — In  order  to  prepare  teer,  the  brewer  mashes  the 
groimcl  malt  mth  water  at  about  180°  F.  for  some  houi's,  when  the  dias- 
tase induces  the  conversion,  into  dextrine  and  sugar,  of  the  greater  part  of 
the  starch  which  has  not  been  so  changed  during  the  germination,  and 
the  ivort  is  ready  to  be  drawn  off  for  conversion  into  beer. 

The  undissolved  portion  of  the  malt,  or  brewers'  grains,  still  contains 
a  considerable  quantity  of  gluten,  and  is  employed  for  feeding  pigs. 

That  malt  contains  far  more  diastase  than  is  necessary  to  convert  its 
starch  into  sugar,  is  shown  by  adding  a  little  infusion  of  malt  to  the 
^ascid  solution  of  starch,  and  maintaining  it  at  about  150°  F.  for  a  few 
hours,  when  the  mixtm-e  will  have  become  far  more  fluid,  and  will  no 
longer  be  coloured  blue  by  solution  of  iodine.  In  distilleries,  advantage 
is  taken  of  the  excess  of  diastase  in  malt,  by  adding  3  or  4  parts  of 
immalted  grain  to  it,  when  the  whole  of  the  starch  in  this  latter  is  also 
converted  into  dextrine  and  sugar,  and  the  labour  and  expense  of  malting 
it  are  avoided. 

The  wort  obtained  by  infusing  malt  in  water  contains  not  only  grape- 
sugar,  dextrine,  and  diastase,  but  a  considerable  quantity  of  nitrogenised  • 
matter  formed  from  the  gluten  of  the  barley.  Before  subjecting  it  to 
fermentation,  it  is  boiled  with  a  quantity  of  hops,  usually  amounting  to 
about  j^th  of  the  weight  of  the  malt  employed,  which  is  found  to  prevent, 
in  great  measure,  the  tendency  of  the  beer  to  become  sour  in  consequence 
of  the  conversion  of  the  alcohol  into  acetic  acid. 

The  liop  contains  about  10  per  cent,  of  an  aromatic  yellow  powder, 
called  lupuline,  which  appears  to  be  the  active  portion,  and  which  con- 
tains a  volatile  oil  of  peculiar  odour,  together  with  a  very  bitter  substance. 

The  hopped  wort  is  run  off  into  a  vat,  where  it  is  allowed  to  deposit 
the  undissolved  portion  of  the  hops,  and  the  clear  liquor  is  drawn  off  into 
shallow  coolers,  where  its  temperature  is  lowered  as  rapidly  as  possible  to 
about  60°  F.,  the  cooling  being  usually  hastened  by  cold  water  cu-culating 
through  pipes  which  traverse  the  coolers.  If  the  worfc  be  cooled  too 
slowly,  the  nitrogenised  matter  which  it  contains  undergoes  an  alteration 
by  the  action  of  the  air,  in  consequence  of  wluch  the  beer  is  very  liable 
to  become  acid. 

The  wort  is  now  transferred  to  the  fermenting  tun,  where  it  is  made  to 
ferment  by  the  addition  of  yeast,  usually  in  the  proportion  of  xo'T^'l^  of 
its  volume. 

YeaM  is  a  minute  fungoid  vegetable,  which  grows  in  solutions  contain- 
ing sugar  together  with  some  nitrogenised  substance  {e.g.,  a  salt  of 
ammonia),  and  the  salts  (phosphates  of  potash,  soda,  limo,  and  magnesia) 
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wMcli  are  essential  constituents  of  its  cells.  It  is  only  recently  that  the 
conditions  under  which  the  yeast  plant  grows  have  heen  ascertained,  and 
the  seeds  or  germs  from  which  it  originates  have  hitherto  eluded  detection, 
though  it  may  be  remarked  that  in  this  respect  it  only  resembles  some  of 
the  lower  mosses,  the  vegetable  character  of  which  has  never  been  called 

^^Ifahttle  white  of  egg,  cheese,  or  a  piece  of  flesh  (all  of  which  contain 
carbon  hydrogen,  nitrogen,  oxygen,  and  phosphates),  be  placed  in  a  solu- 
tion of  su^ar,  and  allowed  to  undergo  decomposition,  a  grey  scum  forms 
upon  the  liquid,  which  is  seen  under  the  microscope  to  consist  of  irregu- 
larly oval  cells,  the  growth  of  which  may  be  watched  under  the  microscope 
in  a  Kttle  of  the  liquid  from  which  they  were  obtained,  when  they  will 
be  found  to  multiply  rapidly  by  the  production  of  new  ceUs  on  aU  sides 
of  them  (fio-.  272),  The  same  cells  wiU  be  developed  very  rapidly  m  the 
°  sweet  wort  of  malt,  allowed  to  undergo  decom- 

position between  60°  and  70°  F. 

These  cells  contain  a  substance  somewhat 
resembling  albumen,  enclosed  in  a  thin  mem- 
brane, the  composition  of  which  is  similar  to 
that  of  cellulose.  They  also  contain  a  peculiar 
nitrogenised  body  resembling  diastase,  and 
capable  of  inducing  the  conversion  of  cane- 
sugar  (Ci.2H,iO,i)  into  grape-sugar  (C,,Hi,0,J. 
Accordingly,  when  yeast  is  added  to  a  solution 
of  cane-sugar,  the  liquid  is  found  to  increase 
in  specific  gravity  (a  solution  of  cane-sugar 
having  a  lower  density  than  one  containing 
Pig_  272.  an  equivalent  quantity  of  grape-sugar),  pre- 

viously to  the  commencement  of  fermentation, 
and  the  application  of  tests  readily  proves  the  presence  of  grape-sugar  in 

the  solution.  777- 
The  grape-sugar  then  undergoes  the  decomposition  known  as  alco/iohc 
fermentation,  which  results  in  the  production  of  alcohol,  carbonic  acid, 
lactic  acid,  succinic  acid,  glycisrine,  and  a  peculiar  brown  soluble  matter, 
together  with  other  substances,  the  true  nature  of  which  is  yet  undeter- 
mined.   The  fermentation  is  attended  with  a  considerable  elevation  of 

temperature.  i  -  i 

Taking  into  consideration  only  the  alcohol  and  carbonic  acid,  which  are 
the  chief  products,  their  formation  from  grape-sugar  may  be  represented 
by  the  equation — 

C,H„0„    =    2C,HA    +    4C0,    +  2H0. 

Grape-sugar.  Alcoliol. 

During  the  fermentation,  the  yeast  cells  are  gradually  broken  up,  so 
that  a  given  quantity  of  yeast  is  capable  of  fermenting  only  a  limited 
quantity  of  sugar.  On  an  average,  a  quantity  of  yeast  containing  between 
two  and  three  parts  of  soUd  matter  is  required  to  complete  the  fermenta- 
tion of  100  parts  of  sugar.  The  solution  remaining  after  the  fermenta- 
tion is  found  to  contain  salts  of  ammonia,  which  have  been  formed  at 
the  expense  of  the  nitrogen  of  the  yeast. 

If-  the  liquid  in  whicli  the  yeast  excites  fermentation  contam  nitro- 
genised matters  and  phosphates,  the  yeast  plant  grows,  and  its  quantity 
increases ;  thus  in  the  sweet  wort  from  malt,  the  yeast  is  nourislied  by 
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the  altered  gluten  and  by  the  phosphates,  so  that  it  increases  to  six  or 
eight  times  its  original  weight. 

If  yeast  be  heated  to  the  boiling  point  of  water,  the  plant  is  killed,  as 
might  be  expected,  and  loses  its  power  of  inducing  alcoholic  fermentation ; 
but  it  may  be  dried  at  a  low  temperature,  or  by  pressui-e,  without  losing 
its  fermenting  power,  and  dried  yeast  is  an  article  of  commerce. 

Yeast  will  not  cause  fermentation  in  a  solution  containing  more  than 
one-fourth  of  its  weight  of  sugar,  and  the  fermentation  is  arrested  when 
the  alcohol  amounts  to  one-fifth  of  the  weight  of  the  liquid,  so  that  the 
strength  of  fermented  liquors  could  never  exceed  20  per  cent  of  alcohol. 
The  fermentation  is  also  arrested  by  the  mineral  acids,  and  by  many  of 
the  substances  to  which  antiseptic  properties  are  commonly  attributed, 
such  as  common  salt,  kreasote,  corrosive  sublimate,  sulphurous  acid,  tur- 
pentine, &c. 

In  the  fermentation  of  beer,  the  yeast  is  carried  up  to  the  surface  by  the 
effervescence  due  to  the  escape  of  the  carbonic  acid,  and  is  eventually 
removed,  in  order  to  be  employed  for  the  fermentation  of  fresh  quantities 
of  wort. 

"When  the  fermentation  has  proceeded  to  the  required  extent,  the  beer 
is  stored  for  consumption. 

It  will  be  seen  that  the  chief  constituents  of  beer  are  the  alcohol,  the 
nitrogenised  matter  derived  from  the  gluten  of  the  barley,  and  not  con- 
sumed in  the  growth  of  the  yeast,  the  unaltered  sugar  and  dextrine,  the 
brown  or  yellow  colouring  matter  formed  during  the  fermentation,  the 
essential  oil  and  bitter  principle  of  the  hop. 

Beer  also  contains  acetic  acid  (formed  by  the  oxidation  of  the  alcohol, 
p.  492),  free  carbonic  acid,  which  gives  its  sparkling  character,  together 
with  the  lactic  and  succinic  acids  and  glycerine,  formed  as  secondary  pro- 
ducts of  the  fermentation,  and  ammoniacal  salts  derived  from  the  yeast. 
The  soluble  mineral  substances  from  the  barley  are  also  present,  minus 
the  phosphates  abstracted  by  the  yeast. 

The  proportions  of  the  constituents  of  course  vary  greatly,  as  wUl  be 
seen  from  the  following  examples  : — 


Percentage  of — 

Allsopp's 
Ale. 

Bass's  Ale. 

Strong  Ale. 

Whitbrcnd's 
Porter. 

Whitbread's 
Stout. 

Acetic  acid,  .... 
Sugar  and  other  solid  1 
matters  J 

6-00 
0-20 

6-00 

7-00 
0-18 

4-80 

8-65 
0-12 

6-60 

4-20 
0-19 

5'40 

6-00 
0-18 

6-38 

The  dark  colour  of  porter  and  stout  is  caused  by  the  addition  of  a 
quantity  of  high-dried  malt  which  has  been  exposed  to  so  high  a  tempera- 
ture in  the  kiln  as  to  convert  a  portion  of  its  sugar  into  a  dark  brown 
soluble  substance  called  caramel.  It  is  said  that  alum  and  suljjhate  of 
iron  are  also  added  to  porter  and  stout  to  cause  them  to  froth  strongly. 
The  peculiar  aroma  of  beer  is  probably  duo  to  the  presence  of  a  mmute 
quantity  of  some  fragrant  ether,  produced  during  the  fermentation. 

In  some  cases,  when  the  operation  of  browing  has  been  badly  con- 
ducted, the  beer  becomes  ropij,  or  undergoes  the  viscous  fermentation.  In 
this  case  the  sugar  suffers  a  peculiar  transformation,  resulting  in  the  pro- 
duction of  a  mucilaginous  substance  resembling  gum  in  its  composition. 
Tlus  change  may  be  induced  in  sugar  by  yeast  which  has  been  boiled,  or 
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by  water  in  wliicli  flour  or  rice  lias  been  steeped.  Wliite  -wdnes  occa- 
sionally become  ropy  from  a  similar  cause,  but  red  wmes  are  not  liable  to 
this  change,  apparently  because  the  tannin  -wkich  they  contain  has  preci- 
pitated in  an  insoluble  form  the  ferment  which  induces  it.  During  this 
viscous  fermentation  a  part  of  the  sugar  is  often  converted  into  mannite 

361.  Acetification — Manufacture  op  Vinegae. — Beer  which  has 
become  sour  is  often  said  to  have  undergone  the  acetous  fermentation;  but 
this  is  not  strictly  correct,  the  change  being  more  similar  to  decay,  since 
it  is  one  in  which  the  oxygen  of  the  air  directly  takes  part.  The  acidity 
of  sour  beer  is  caused  by  the  acetic  acid  (C^H^O^)  formed  by  the  action  of 
atmospheric  oxygen  upon  the  alcohol,  according  to  the  equation — 

C,H,0.,   +   0,        CAO4   +  2H0. 

Alcohol.  Acetic  acid. 

Pure  alcohol  may  be  exposed  to  the  air,  either  alone  or  when  mixed  -ivith 
water,  for  any  period,  without  suffering  oxidation ;  but  when  in  contact 
with  certain  changeable  organic  substances,  the  alcohol  undergoes  oxida- 
tion, and  is  converted  into  acetic  acid.  It  is  upon  this  circumstance  that 
the  different  methods  of  producing  vinegar  are  based. 

The  most  dnect  application  of  this  principle  is  made  in  the  so-called 
quick  vinegar  process  in  use  in  continental  countries  where  alcohol  is 
free  of  duty.    Alcohol  of  about  80  per  cent,  is  mixed  with  6  parts  of 

water,  and  with  about  xo'o'o'^^^  P^^'^ 
of  yeast,  or  some  other  alterable  sub- 
stance containing  nitrogen.  This  mix- 
ture is  heated  to  about  80°  F.,  and 
caused  to  trickle  slowly  from  pieces  of 
cord  fixed  in  a  perforated  shelf  over  a 
quantity  of  wood  shavings*  previously 
soaked  in  vinegar,  which  is  found 
materially  to  assist  the  acetification, 
and  packed  in  a  tall  cask  (fig.  273), 
in  which  holes  have  been  drilled  in 
order  to  allow  the  entrance  of  aii'.  The 
oxidation  of  the  alcohol  soon  raises  the 
temperature  to  about  100°  F.,  which 
Pig.  273.  occasions  a  free  circulation  of  air 

among  the  shavings.  The  mixture  is 
passed  three  or  four  times  through  the  cask,  and  in  about  36  houi-s  the 
conversion  into  vinegar  is  completed.  The  oxidation  of  the  alcohol  in 
this  process  is  found  to  be  arrested  by  the  presence  of  essential  oils,  or  of 
kreasote,  and  similar  antiseptic  substances. 

The  necessity  of  affording  a  full  supply  of  atmospheric  air  was  not 
appreciated  until  Liebig  had  proved  the  existence  of  an  intermediate  stage 
in  the  process,  consisting  in  a  partial  oxidation  of  the  alcohol  by  whicli 
it  became  converted  into  aldehyde  (C^HjO,),  an  extremely  volatile  liquid 
(boiling  at  70°  F.),  which  was  lost  in  the"  form  of  vapour,  thus  greatly 
diniinishing  the  proportion  of  vinegar  obtained — 

C,H„0,    +    0.,    =    CJ-I,0.,    +  2H0. 

Alcohol.  Aldehyde. 

*  These  .sliaviiig.s  appear  to  favour  the  process  by  serving  as  points  of  attacliment  for  a 
microscopic  vegetable,  which  encourages  the  oxidation  of  tlie  alcoliol. 


GLUTEN — VEGETABLE  FIBRINE. 
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If  a  sufficient  quantity  of  atmospheric  air  bo  supplied,  the  prodliction  of 
alde]\yde  is  entirely  avoided. 

Wliite  wine  vinegar  is  prepared  in  France  from  liglit  wines  by  a  process 
of  much  longer  duration.  A  little  boiling  vinegar  is  poured  into  a  cask, 
partially  open  at  the  top,  together  with  four  or  five  gallons  of  white  wine 
Avhich  has  been  allowed  to  trickle  over  wood  shavings.  In  a  few  days, 
during  which  the  temperature  is  maintained  at  about  80°,  a  fresh  quantity 
of  wine  is  poured  in,  and  in  the  course  of  a  fortnight  half  the  vinegar  con- 
tained in  the  cask  is  draAvn  off,  and  replaced  by  a  fresh  portion  of  wine. 
In  tliis  way  an  occasional  renewal  of  the  air  in  the  upper  part  of  the  cask 
is  provided  for.  The  acetification  is  found  to  proceed  more  rapidly  in  old 
casks  than  in  new  ones,  which  is  attributed  to  the  presence  of  a  peculiar 
conferva  deposited  upon  the  sides  of  the  former,  and  styled  mother  of 
vinegar.  It  is  probably  for  a  similar  reason  that  the  acetification  is  pro- 
moted by  the  addition  of  ready-made  vinegar  at  the  commencement  of  the 
process. 

In  this  country  vinegar  is  chiefly  prepared  from  malt,  the  infusion  of 
which  is  allowed  to  undergo  the  alcoholic  and  acetous  fermentation. 

Vinegar  contains  on  an  average  about  5  per  cent,  of  acetic  acid,  together 
with  small  quantities  of  vegetable  and  mineral  substances,  varying  with 
the  source  from  which  it  was  obtained.  Its  pleasant  aroma  is  due  to  the 
presence  of  some  acetic  ether  (C^HgO .  C^HgOJ  formed  during  its  manu- 
facture. The  vinegar  of  commerce  is  aUowed  to  be  mixed  with  toVo'*!'- 
of  its  weight  of  sulphuric  acid  in  order  to  prevent  it  from  becoming 
mouldy. 


Bread. 

362.  The  chemistry  of  fermentation  is  intimately  connected  with  the  ordi- 
nary process  of  bread-making.  It  will  be  remembered  that  wheaten  flour 
(p.  484)  consists,  essentially,  of  starch  and  gluten,  with  a  little  dextrine 
and  sugar.  On  mixing  the  flour  with  a  little  water,  it  yields  a  dough,  the 
tenacity  of  which  is  due  to  the  gluten  present  in  the  floiu".  If  this  dough 
be  tied  up  in  a  piece  of  fine  muslin,  and  kneaded  under  a  stream  of  water, 
the  starch  wiU  be  suspended  in  the  water,  and  will  pass  through  the 
muslin,  whilst  the  gluten  will  remain  as  a  very  tough  elastic  mass,  which 
speedily  putrefies  if  exposed  to  the  air  in  a  moist  state,  and  dries  up  to  a 
brittle  homy  mass  at  the  temperature  of  boiling  water. 

On  analysis,  gluten  is  found  to  contain  carbon,  hydrogen,  nitrogen,  and 
oxygen,  in  proportions  which  may  be  represented  by  the  empirical  formula 
024112^^30,,  though  it  cannot  be  regarded  as  a  single  independent  sub- 
stance, but  as  a  mixture  of  tliree  substances  very  closely  allied  'in  compo- 
sition. 

When  gluten  is  boiled  with  alcohol,  one  portion  refuses  to  dissolve,  and 
has  been  named  vegetable  fihrine,  from  its  resemblance  to  the  substance 
forming  the  muscles  of  animals.  Wlien  the  solution  in  alcohol  is  allowed 
to  cool,  it  deposits  a  wliite  flocculent  matter,  very  similar  to  the  caseine 
which  composes  the  curd  of  milk.  On  adding  water  to  the  cold  alcoholic 
solution,  a  third  substance  (glutine)  is  separated,  which  much  resembles 
the  albumen  found  so  abundantly  in  the  blood. 

The  presence  in  gluten  of  three  substances,  similar  to  tlic  three  principal 
components  of  the  animal  body,  leads  us  to  form  a  high  opinion  of  its 
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value  as  a  nutritive  compound.  But  gluten  itself,  separated  from  the  flour 
by  the  process  above  described,  would  be  found  very  difficult  of  digestion, 
on  account  of  its  resistance  to  the  solvent  action  of  the  fluids  in  the 
stomach ;  indeed,  the  dough  composed  of  flour  and  water  is  proverbially 
indigestible,  even  when  baked.  In  order  to  render  it  fit  for  food,  it  must 
be  rendered  spongy  or  porous,  so  as  to  expose  a  larger  surface  to  the  action 
of  the  digesting  fluids  of  the  body ;  the  most  direct  method  of  effecting 
this  is  the  one  adopted  in  the  manufacture  of  the  aerated  bread,  and  con- 
sists in  mixing  the  flour  with  water  which  has  been  highly  charged,  under 
pressure,  with  carbonic  acid  gas  ;  the  mixing  having  been  effected  in  a 
strong  closed  iron  vessel,  an  aperture  in  the  lower  part  of  this  is  opened, 
when  the  pressure  of  the  accumulated  gas  forces  the  dough  out  into  the 
air,  and  the  gas  which  had  been  imprisoned  in  the  dough  expands,  con- 
ferring great  porosity  and  sponginess  upon  the  mass  in  its  attempt  to 
escape.  In  another  process  for  preparing  unfermented  tread,  the  flour  is 
mixed  with  a  little  bi-carbonate  of  soda,  and  is  then  made  into  a  dough 
with  water  acidulated  with  hydrochloric  acid ;  the  latter  decomposing 
the  bi-carbonate  of  soda,  liberates  its  carbonic  acid,  which  renders  the 
bread  porous.  The  cliloride  of  sodium  formed  at  the  same  time  remains 
in  the  bread.  In  the  preparation  of  cakes  and  pastry,  the  same  object  is 
sometimes  attained  by  adding  carbonate  of  ammonia  to  the  dough.  ^^Tien 
heat  is  applied,  in  the  baking,  the  salt  is  converted  into  vapour  which 
distends  the  dough. 

In  the  common  process  of  bread-making,  however,  the  carbonic  acid 
destined  to  confer  sponginess  upon  the  dough  is  evolved  by  the  fermenta- 
tion of  the  sugar  contained  in  the  flour  ;  the  latter  having  been  kneaded 
with  the  proper  proportion  (usually  about  half  its  weight)  of  water,  a  little 
yeast  and  salt  are  added,  and  the  mixture  is  allowed  to  stand  at  a  tempera- 
ture of  about  70°  ¥.  for  some  hours.  The  dough  sweUs  or  rises  considerably, 
in  consequence  of  the  escape  of  carbonic  acid,  the  sugar  being  decomposed 
into  that  gas  and  alcohol,  as  in  ordinary  fermentation.  The  spongy  dough 
is  then  baked  in  an  oven,  heated  to  about  500°  F.,  when  a  portion  of  the 
water  and  the  whole  of  the  alcohol  are  expelled,  the  carbonic  acid  being 
also  much  expanded  by  the  heat,  and  the  porosity  of  the  bread  increased. 
The  granules  of  starch  are  much  altered  by  the  heat,  and  become  far  more 
digestible.  Although  the  temperature  of  the  inside  of  the  loaf  does  not 
exceed  212°  F.  the  outer  portion  becomes  dry  and  hard,  the  hottest  part 
being  even  torrefied  or  scorched  into  crust. 

Occasionally,  instead  of  yeast,  leaven  is  employed,  in  order  to  ferment 
the  sugar,  leaven  being  dough  Avhich  has  been  left  in  a  warm  place  until 
decomposition  has  commenced. 

The  passage  of  new  into  stale  bi'ead  does  not  depend,  as  was  formerly 
supposed,  upon  the  drying  of  the  bread  consequent  upon  its  exposure  to 
air,  but  is  a  true  molecular  transformation  which  takes  place  equally  well 
in  an  air-tight  vessel,  and  without  any  loss  of  Aveight.  It  is  weU  known 
that  when  a  thick  shce  of  stale  bread  is  toasted,  which  dries  it  still 
further,  the  crumb  again  becomes  soft  and  spongy  as  in  new  bread ;  and 
if  a  stale  loaf  be  again  placed  in  the  oven,  it  is  entii-ely  reconverted  into 
new  bread. 

Wlieaten  flour  is  particularly  well  fitted  for  the  preparation  of  bread  on 
account  of  the  great  tenacity  of  its  gluten.  Next  to  wheat  in  this  respect 
stands  rye,  whilst  the  other  cereals  contain  a  gluten  so  deficient  in  tena- 
city that  it  is  impossible  to  convert  them  into  good  bread. 
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Even  in  wheaten  flour  the  tenacity  of  the  gluten  is  liable  to  variation, 
and  in  order  to  obtain  good  bread  from  a  flour  the  gluten  of  which  is 
inferior  in  this  respect,  it  is  customary  to  employ  a  minute  proportion  of 
alum.  This  addition  being  considered  imwholes,ome  by  some  persons,  it 
would  be  better  to  substitute  lime-water,  which  has  been  found  by  Liebig 
to  have  a  similar  eflect.  Sulphate  of  copper  improves  in  a  very  striking 
manner  the  quality  of  the  bread  prepared  from  inferior  flour,  but  this 
salt  is  far  more  objectionable  than  alum. 


The  Sugars. 

363.  The  conversion  of  starch  into  grape-sugar,  when  heated  in  contact 
with  diluted  acids  (p.  487),  is  taken  advantage  of  for  the  preparation  of 
this  variety  of  sugar  on  the  large  scale.  For  this  purpose,  water  acidulated 
with  -r-J-o-th  of  sulphuric  acid  is  heated  to  ebullition,  and  a  hot  mixture  of 
starch  and  water  allowed  to  flow  gradually  into  it,  so  as  not  to  reduce  its 
temperature  below  the  boiling  point.  The  mixture  is  kept  boiling  for 
half-an-hour,  after  which  chalk  is  added  in  small  portions  at  a  time  to 
neutrahse  the  sulphuric  acid,  and  the  sulphate  of  lime  having  been 
allowed  to  subside,  the  clear  syi-up  is  drawn  ofl',  and  evaporated  to  the 
crystalUsing  point. 

The  grape-sugar  or  glucose  thus  manufactured  cannot  be  employed  as  a 
substitute  for  the  sugar  extracted  from  the  sugar-cane,  on  account  of  its 
greatly  inferior  sweetening  power,  Mdiich  is  less  than  half  that  possessed 
by  cane-sugar.  It  is,  moreover,  far  less  soluble  in  water,  1  part  of  grape- 
sugar  requiring  li-  part  of  water  to  dissolve  it,  whilst  cane-sugar  requires 
o^ly  J  part.  Grape-sugar  is  employed,  however,  for  the  adulteration  of 
cane-sugar;  and  the  very  crystalline,  nearly  white  samples  of  moist  sugar 
met  with  in  tlie  shops,  are  usually  largely  adulterated  in  this  way.  The 
fraud  is  easily  detected  by  boiling  a  portion  of  the  sample  Avith  a  little 
solution  of  potash,  when  the  grape-sugar  is  decomposed,  and  colours  the 
Hquid  intensely  brown,  pure  cane-sugar  giving  very  little  brown  colour 
unless  boiled  for  a  long  time.  A  more  delicate  mode  of  detection  consists 
in  adding  to  a  solution  of  the  sugar  a  few  drops  of  solution  of  sulj)hate  of 
copper,  and  enough  solution  of  potash  to  form  an  intensely  blue  liquid. 
The  oxide  of  coj^per  is  not  precipitated  in  the  presence  of  either  of  the 
sugars  ;  but  if  the  blue  liquid  be  very  gently  heated,  a  red  precijjitate  of 
suboxide  of  copper  will  separate  if  grape-sugar  be  present,  whilst  with 
pure  cane-sugar  the  precipitation  does  not  take  place  unless  the  solution 
is  boiled. 

Even  cellulose  is  transformed  into  dextrine  and  gi-ape-sugar  under  the 
influence  of  sulphuric  acid.  If  Hnen,  calico,  cotton-wool,  or  paper  be 
dried,  and  gradually  moistened  with  IJ  part  of  concentrated  sulphuric 
acid,  avoiding  elevation  of  temperature,  it  is  converted  in  the  course  of  a 
few  hours  into  a  gummy  mass  which  dissolves  in  water,  and  is  very 
similar  to  dextrine.  When  the  cellulose  has  been  left  in  contact  with 
the  acid  for  a  day  or  two,  it  should  be  dissolved  in  a  large  quantity  of 
water,  and  boiled  for  8  or  10  hours  in  order  to  eff'cct  the  conversion  into 
sugar ;  the  acid  may  then  be  neutralised  with  chalk,  the  solution  filtered 
from  the  sulphate  of  lime,  and  evaporated,  when  it  furnishes  a  crystallini; 
mass  of  grape-sugar. 

Closely  connected  with  the  conversion  of  cellulose  into  dextrine  by 
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contact  with  strong  sulphuric  acid,  is  that  very  remarkable  change  of 
paper  into  vegetable  xxircliment  If  dry  Avhite  blotting-paper  be  drawn 
through  a  cooled  mixture  of  the  strongest  oil  of  vitriol  with  half  its  bulk 
of  water,  and  be  then  thoroughly  washed  in  a  large  volume  of  water,  it 
becomes  five  times  as  strong  as  before,  and  has  f  ths  of  the  strength  of 
ordinary  animal  parchment.  The  parchment  paper,  when  diy,  is  found 
to  have  suffered  no  alteration  in  weight,  and  analysis  shows  its  composi- 
tion to  be  unchanged.  This  remarkable  increase  in  strength  must,  there- 
fore be  referred  to  a  molecular  alteration.  The  paper  is  also  found  to 
have  become  almost  waterproof,  and  presents  a  somewhat  translucent 
appearance  like  paper  which  has  been  slightly  oiled.  It  receives  many 
useful  applications,  for  luggage  labels  which  are  not  easily  torn  or  re- 
moved by  rain,  and  as  a  substitute  for  animal  membrane  in  tjdng  over 
preserves,  &c. 

This  susceptibility  of  conversion  into  grape-sugar  possessed  by  starch 
and  cellulose,  affords  a  very  important  clue  in  tracing  the  changes  which 
take  place  in  living  vegetables.  It  has  been  already  seen  (p.  487)  that 
dm-ing  the  germination  of  seeds,  their  starch  is  converted  into  sugar,  in 
order  that  it  may  be  carried  in  a  soluble  form  to  the  extending  limbs 
of  the  vegetable  frame ;  but  it  would  appear  that  in  these  parts,  where 
a  deposition  of  cellulose  is  required,  the  sugar  {G^^^fi^^  is  reconverted 
into  that  substance  {G^^^fi-,^.  In  the  ripening  of  the  fruit,  how- 
ever, the  ligneous  matter  and  the  starch  seem  to  be  again  converted 
into  sugar,  under  the  influence  of  the  vegetable  acids  which  unripe  fruits 
contain. 

Strictly  speaking,  the  sugar  contained  in  ripe  fruits  and  in  new  honey 
is  not  grape-sugar  (Cj^Hj^O^J,  but  a  distinct  variety  of  sugar  know  as 
fruit  sugar  or  fructose,  and  haviag  the  composition  (Ci^Hj.-jOy).  This 
sugar  has  also  been  designated,  in  reference  to  its  characteristic  feature, 
uncrystallisahle  sugar,  and  its  production  seems  to  constitute  an  inter- 
mediate stage  in  the  transition  of  starch,  cellulose,  and  cane-sugar  into 
grape-sugar.  Hence  it  is  found  that  if  the  ebuUition  with  diluted  sul- 
phuric acid  be  arrested  as  soon  as  the  liquid  becomes  sweet,  no  crystals 
can  be  obtamed,  but  on  further  ebuUition,  the  fructose  is  converted  into 
crystallisable  glucose.  When  honey  is  kept  for  some  time,  the  fructose 
gradually  becomes  converted  into  a  crystalline  mass  of  glucose.  The 
same  change  is  seen  to  take  place  in  raisins,  which  contain  granules  of 
glucose,  though  the  fresh  grapes  contain  only  fructose. 

The  uncrystallisable  sugar  forms  the  chief  ingredient  of  molasses  and 
treacle,  for  although  the  fresh  juice  of  the  sugar-cane  contains  no  fructose, 
the  treatment  to  Avhich  it  is  subjected  in  the  extraction  of  the  sugar  occa- 
sions a  copious  formation  of  the  uncrystallisable  sugar  at  the  expense  of 
the  cane-sugar.  The  simple  ebullition  of  a  solution  of  cane-sugar  for  a 
considerable  period  is  said  to  convert  a  portion  of  it  into  fructose,  and  if 
a  minute  quantity  of  any  uncombined  acid  be  present,  the  change  takes 
place  very  rapidly. 

364.  Extraction  of  cane-sugar. — In  the  extraction  of  sugar  fi-om  _the 
sugar-cane,  the  latter  is  cut  before  the  period  of  flowering,  when,  as  might 
be  expected,  this  soluble  nutriment  of  the  plant  is  most  abundant.  _  For 
a  similar  reason,  the  canes  are  cut  off  close  to  the  ground,  since  in  the 
higher  joints  of  the  cane  much  of  the  sugar  has  already  been  consumed 
for  their  development. 
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A  specimen  of  sugar-cane  from  Martinique  was  found  to  contain  :  

Juice,  .  .  .  .  90-1 
"Woody  fibre,        .       .  9-9 


100-0 


So  that,  theoretically,  100  parts  of  cane  should  yield  as  much  as  90  parts 
of  juice.  The  canes  are  crushed  between  iron  cylinders,  which  express, 
under  the  best  arrangements,  only  G5  parts  of  juice  from  100  of  cane.  It 
has  been  found  possible  to  increase  the  yield  by  steaming  the  canes  before 
submitting  them  to  a  final  pressure.  The  juice  thus  expressed  contains 
about  18  per  cent,  of  sugar,  together  with  the  usual  components  of  the 
sap  of  plants,  such  as  vegetable  acids,  albumen,  salts,  &c. 

In  the  tropical  chmate  in  which  the  extraction  is  conducted,  the  albu- 
men of  the  juice  speedily  alters  when  exposed  to  the  air,  and  excites 
lermentation  in  the  sugar,  by  which  a  considerable  quantity  would  be 
lost.    If  the  fresh  juice  were  heated  to  coagulate  the  albumen,  the  free 
acid  contamed  in  it  woidd  change  a  portion  of  the  sugar  into  the  uncrys- 
talhsable  variety.    To  avoid  this,  the  juice  is  mixed  with  ^i-^th  part  of 
slaked  hme,  and  is  then  heated  to  140°  F.  in  large  flat  copper  pans.  The 
coagulated  albumen  rises  to  the  sm-face  of  the  heavy  syrup,  and  forms  a 
thick  scum,  which  is  taken  oflP,  and  the  clear  syrup  is  evaporated  tiU  it  is 
strong  enough  to  crystallise,  when  it  is  run  off  into  shallow  wooden  vats, 
and  allowed  to  cool  for  24  hours.    When  briskly  stirred,  it  congeals  to  a 
semi-solid  mass  of  crystals,  which  are  allowed  to  drain  for  tlu-ee  weeks  in 
casks  with  perforated  bottoms.    The  raw  sugar  thus  obtained,  after  dry- 
ing in  the  sun,  is  sent  into  commerce,  the  drainings  being  styled  molasses 
or  treacle.    The  weight  of  raw  sugar  seldom  exceeds  Jg-*^  of  the  juice, 
that  is,  about  half  the  quantity  which  the  juice  is  known  to  contain,' 
the  remainder  having  been  converted  into  uncrystallisable  sugar  during 
the  process  of  extraction.     The  loss  is  found  to  be  materially  dimi- 
nished by  the  use  of  vacuum  pam,  in  which  the  evaporation  of  the 
syrup  is  conducted  under  diminished  pressure,  and  therefore  at  a  lower 
temperature.    Greater  economy  is  also  introduced  into  the  manufacture  by 
the  use  of  the  crushed  canes  as  fuel  for  the  evaporating  fires,  and  by  re- 
storing their  ashes  to  the  land  as  food  for  ensuing  crops.    The  skimmings 
of  the  clarified  juice  arc  also  advantageously  used  as  manure. 

The  raw  sugar  obtained  by  the  process  just  described  contains  about 
60  per  cent,  of  pure  cane-sugar,  the  remainder  consisting  of  water,  un- 
crystallisable sugar,  colouring  matter,  and  various  salts  and  other  foreign 
substances  derived  from  the  cane-juice. 

In  the  ordinary  process  of  sugar-refining,  two  or  three  parts  of  raw 
sugar  are  dissolved  in  one  part  of  water  containing  a  little  Hme  in  solution, 
and  mixed  with  three  or  four  parts  of  ground  bone-black  for  every  hundred 
of  sugar ;  a  small  quantity  of  serum  of  bullock's  blood  is  also  generally 
added.  This  mixture  is  heated  by  the  passage  of  steam  through  it 
when  the  albumen  of  the  serum  is  coagulated,  and  rises  to  the  surface  in 
the  form  of  a  scum  which  entangles  the  floating  impurities  as  well  as  the 
bone-black,  and  leaves  the  syrup  much  lighter  in  colour,  a  considerable 
part  of  the  colouring  matter  having  been  removed  by  the  charcoal  (p.  59) 

The  syrup  is  then  filtered  through  a  thick  layer  of  coarsely  powdered 
bone-black,  and  is  thus  rendered  perfectly  colourless  and  ready  ibr  evapora 
tion,  which  is  conducted  in  a  boiler  with  double  sides,  so  that  it  may  be 
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heated  by  steam  admitted  between  the  two,  and  furnished  with  a  dome 
from  which  the  air  may  be  exliausted  in  order  to  allow  the  evaporation  to 
be  conducted  at  a  lower  temperature,  as  well  as  out  of  contact  with  the 
atmospheric  oxygen,  so  as  to  diminish  as  far  as  possible  the  production  of 
uncrystaUisable  sugar.  The  boiling  down  of  the  syi'up,  which  would 
require  a  temperatm^e  of  230°  T.  at  the  ordinary  pressure,  may  thus  be  con- 
ducted at  160°  F  When  sufficiently  evaporated,*  the  syrup  is  transterred 
to  a  heated  vat,  where  it  is  stirred  until  a  confused  crystallisation  com- 
mences, and  is  then  drawn  off  into  inverted  sugai-loaf  moulds  of  iron  or 
earthenware,  and  allowed  to  crystallise  durmg  about  20  houi-s.  i  ie 
crvstaUine  mass  is  then  allowed  to  di-ain  by  the  withdrawal  of  a  plug  at  the 
apex  of  the  inverted  cone,  and  is  washed  with  a  little  pure  syrup  to  re- 
move adhering  colouring  matter,  after  which  the  loaf  is  dried  in  an  oven 
and  finished  by  turning  in  a  lathe.  ^      ,  ^         ,  • 

The  operation  of  washing  with  syrup  is  often  refen-ed  to  as  claying, 
bein"  sometimes  effected  by  placing  some  powdered  sugar  upon  the  base 
of  ea^ch  loaf,  and  over  this  a  cream  of  pure  pipe-clay,  the  water  drammg 
from  which  dissolves  the  powdered  sugar,  and  the  syi'up  thus  lorined 
washes  the  loaf.  The  object  of  the  clay  appears  to  be  simply  to  allow 
the  water  to  iiow  gradually  through  the  sugar. 

The  process  of  refining  is  sometimes  shortened  by  washmg  the  raw  sugar 
with  strong  syrup,  so  as  to  remove  the  bulk  of  the  impimties  at  the  com- 
mencement, and  a  very  ingenious  method,  knowi  as  the  centrifugal  jJroee^^^, 
has  been  devised  for  separating  the  syrup  from  the  sugar  thus  washed 
The  pasty  mixtme  of  sugar  and  syrup  is  introduced  into  a  cylinder  ot 
strong  close  metallic  gauze,  which  is  rapidly  turned  upon  its  axis,  when- 
the  liquid  syrup  of  course  flies  off  through  the  apertures  of  the  gauze,  and 
is  coUected  by  ^box  surrounding  the  cylinder.  A  fresh  quantity  of  syrup 
is  then  introduced,  and  separated  in  the  same  manner,  so  that  the  washing 
may  be  rapidly  carried  as  far  as  may  be  deemed  expedient. 
■  365.  During  the  wars  of  Napoleon,  when  the  importation  of  sugar  into 
France  was  suspended,  this  substance  was  extracted  from  the  beet-root, 
and  this  process  still  forms  a  very  important  branch  of  French  industry. 

The  white  beet  only  is  employed,  on  account  of  the  difficulty  of  separat- 
ing the  colouring  matter  existing  in  the  juice  of  the  red  variety.  ihe 
iuice  contains  about  ten  per  cent  of  cane-sugar,  half  of  which  only  is 
usuaUy  obtained  in  the  crystallised  state.  The  process  adopted  for  ex- 
tracting it  does  not  differ  in  principle  from  that  applied  to  the  juice  ot 

the  sugar-cane.  „  , 

Cane-sugar  is  also  extracted  in  the  United  States  from  the  sap  oi  the 
sugar-maple,  which  is  collected,  usually  in  the  spring,  from  deep  incisions 
throut^h  the  bark,  into  each  of  which  a  pipe  of  reed  or  elder  is  inserted  to 
conduct  the  juice  into  pans  placed  for  its  reception,  whence  it  is  removed 
before  it  has  had  time  to  become  changed  by  fermentatiom  _  ihe  juice  is 
evaporated  rapidly,  and  the  raw  crystalline  mass  sold  without  turtlier 
refining.    On  an  average,  each  tree  fiu-nishes  about  six  pounds  ot  sugar 

during  the  season.  .       .         i.  ^  f 

8ugar-cavdy  consists  simply  of  large  rhomboidal  prismatic  crysta  s  oi 

sugax  deposited  upon  strings  stretched  across  crystallising  troughs,  in  wliicn 

a  strong  syrup  is  slowly  evaporated  at  about  170°  F. 
•  The  state  of  concentration  of  the  syrnp  is  known  by  tlie  degree  of  viscidity  which  ^ 

exhibits  between  the  finger  and  thumb,  by  the  length  of  the  thread  to  which  it  ma> 

drawn,  and  by  the  mode  in  which  this  curls  after  lirealcing. 


CHEMICAL  PltOPEKTIES  OP  THE  SUGAES.  499 

Barley-silf/ar  is  preiJared  by  evaporating  the  syrup  beyond  the  crystal- 
hsmg  pomt,  till  it  sohdities  on  cooling,  to  a  vitreous  mass,  wliich  is  poured 
out  on  a  cold  surface  and  manipulated  to  the  requisite  forms.  When 
kept  lor  some  time,  the  transparent  barley-sugar  becomes  crystalline  and 
opaque. 

Caramel  (Cj„IIgOg)  is  a  dark-brown  substance  produced  by  the  action  of 
a  temperature  of  about  400°  F.  upon  melted  sugar.  It  is  very  soluble  in 
water  and  gives  an  intensely  brown  liquid,  for  ^yhich  reason  it  is  employed 
lor  colouring  sauces,  gravies,  brandy,  wines,  &c. 

366.  Chemical  properties  of  the  sugars.— klthox^g\  cane  and  grape-sugar  appear  to 
DB  esseutially  indilierent  substances,  they  are  remarkably  prone  to  form  combina- 
tions with  many  basic  metallic  oxides.  Thus  a  solution  of  cane-sugar  is  capable  of 
dissalving  a  large  quantity  of  lime,  forming  a  compound  (CaO  .  C,,H„0„)  which  is 

,^hin  if  L  '  ^      '""."^f  ^°  t^^t  °^  the  transparent 

solution  It  becomes  perfectly  opaque,  but  resumes  its  transparency  on  coolin/ 

nr,?!  t^""^  ,  r  ^'^''1'''^  ""^l^^  °^  ^^""^  ^^''^  ^  °f  ^ug'^r,  it  is  dissolved, 

2Vbn  P  Vn  ^J^.'te  ponder  is  deposited,  which  has  the  composition 

^foo  ■  n,V^^  .9'  tlie  equivalent  of  water  being  expelled  at  a  temperature  of 
^12  .  ihe  composition  of  this  compound-  would  lead  to  the  belief  that  cane- 
sugar  contains  two  equivalents  of  constitutional  water,  and  that  its  formula  should 
be  written  C,  H„0  .  2H0.  By  carefully  heating  cane-sugar,  the  compound, 
^is^lioOio.  saccharide  htis  been  obtained,  and  if  this  be  further  heated  it  yields 
y^u^gUo.  caramel.  When  a  solution  containing  1  part  of  salt  and  4  parts  of  sugar 
tainiug  nIcI.  2(0^0  f  330''"°'''^^'  "  ^  deliquescent  compound  con- 

Many  metallic  oxides  form  compounds  with  sugar,  which  are  readily  soluble  in 
alk-alme  liquids,  so  that  tlie  addition  of  sugar  to  solutions  of  the  oxides  of  copper 
and  iron  prevents  the  precipitation  of  these  oxides  by  tlie  alkalies. 

Urape-sugar  also  combines  with  many  bases.  The  compounds  which  it  forms 
witH  the  alkalies  are  very  unstable,  and  their  solutions,  which  are  at  iirst  alkaline 
'°°?/qwT  o'^^'o'''^^  in  consequence  of  tlie  conversion  of  the  grape-sugar  mto  glucic 
««rf(3HO.C,,Hj,0,5)  by  the  loss  of  the  elements  of  water.   ^   ^      ^  ^ 

By  saturating  a  solution  of  grape-sugar  with  common  salt,  a  liquid  is  obtained  which 
rteposits  weU-defined  crystals,  having  the  composition  2(C,„H„0„) .  NaCl .  2H0. 
When  dried  at  212°  it  becomes  2(C,,H,,0,,)  .  NaCl.  The  true  formula  of  grape- 
sugar  IS  obviously  C,,H,,0,, .  2H0,  for  if  it  be  dissolved  in  hot  strong  alcohol  (which 
aissolves  lar  more  grape-sngar  than  cane-sugar)  it  crystallises  on  cooling,  in  prisms 
wHich  have  the  formula  G^^H^^O^^.  Two  equivalents  of  water  may  also  be  expelled 
Irom  ordinary  grape-sugar  at  212°  F. 

The  action  of  sulphuric  acid  upon  cane  and  grape-sugar  is  very  different ;  the 
lormer  is  carbonised  and  completely  decomposed,  whilst  the  latter  combines  with 
the  sulphuric  acid  to  form  aulphcsaccharic  acid,  which  yields  soluble  salts  with  lime 
and  baryta.* 

The  optical  properties  of  solutions  of  the  sugars  are  now  often  turned  to  account 
lor  their  identification,  and  even  for  the  determination  of  their  quantities.  Grape- 
sugar  and  cane-sugar  both  rotate  the  plane  of  polarisation  of  a  ray  from  left  to 
right,  cane-sugar  having  rather  a  more  powerful  action,  but  the  uncrystallisable 
fruit-sugar  rotates  the  plane  in  the  opposite  direction,  from  right  to  left.  If  a  solu- 
tion of  cane-sugar,  possessing  the  rotatory  power  from  left  to  right  be  heated  witli 
hydrochloric  acid,  it  acquires  the  power  of  rotating  the  plane  of  polarisation  from 
right  to  left,  in  consequence  of  the  conversion  into  uncrystallisable  sugar. 

Starch-sugar  exhibits  three  dilferent  modes  of  action  upon  polarised  light,  for  a 
solution  which  has  been  kept  some  hours  rotates  the  plane  of  polarisation  only  half 
as  much  as  the  freshly  made  solution  ;  and  if  the  sugar  prepared  from  malt  be  dis- 
■solved  in  water,  the  solution  has  thrice  the  rotatory  power  whicli  it  possesses  after 
being  kept,  and  its  rotatory  power  is  one-third  higher  than  that  of  the  freslilv 
dissolved  starch-sugar.  All  these  may  be  reduced  at  once  to  tlie  lowest  rotatorv 
power  by  heating  thorn  nearly  to  ebullition  and  allowing  them  to  cool. 

*  Elhyle-glucnse,  a  bitter,  fragrant  oily  substance,  has  been  obtained  Tjv  actintr  imn,, 
grape-sugar  w,th  bromule  of  ethyle  and  potash  ;  if  may  be  represented  by  S  tbrZh 

'-'12  "  fit  ^'i".! '2^10*  ' 
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GUN-COTTON— PYROXYLINE. 


■^fi?  Mannile  rC  H  0  )  the  sweet  principle  of  manna  (the  concrete  juice  of  the 
FrTinJorZ)  £"all4ady  been  noticed  as  one  of  the  products  of  that  pecu^mr  kind 
ff  ferrertToVknown  as'the  — ,  to  which  beet-root  ju.ce  ,s  especia  y  liable. 
It  is  also  found  in  certain  mushrooms,  in  sea  weeds,  celery,  asparagus,  and  onions. 
Bv  treatinrmanna  with  hot  alcohol,  and  allowing  the  filtered  solution  to  cool  the 
mannite  marbe  obtained  in  beautiful  prismatic  crys  als  which  have  a  sweet  taste, 
rddissore  readily  in  water.  Mannite  differs  widely  from  cane  and  grape-sugar 
and  ^ii^^ol^^  ™  ij^ced  in  contact  with  yeast;  and  this  circumstance,  taken 

in  ^°^ff^^°^.f°*^^ftSt3  which  differs  so  much  from  that  of  other  mem- 

ofthe  sacrhSine  gr'u'?,  has  Always  led  to  the  belief  that  it  was  not  properly 

"'ToeTZtX^ions  have  given  it  a  place  by  the  side  of  glycerine,  the  Bweet 
nrincinle  of  fats  and  oils,  as  will  be  seen  hereafter.  w  „„ 

^  G^c^rrhizine,  the  sweet  principle  of  the  liquorice  root,  somewhat  resembles  man- 
nite, but  does  not  crystallise. 


GUN-COTTON  AND  SUBSTANCES  ALLIED  TO  IT. 

368  Starch,  the  sugars,  and  ceUulose,  when  acted  on  by  the  strongest 
nitric  acid,  furnish  compounds  which  are  remarkable  for  their  explosive 
character,  and  are  formed  by  the  substitution  of  nitric  peroxide  (E  O,)  tor 
a  portion  of  the  hydrogen.  By  far  the  most  important  of  these  is 
pyroxyline  {-.vp,  fire,  ^-'^ov,  wood),  which  is  produced  by  the  action  of 
nitric  acid  upon  the  diiferent  forms  of  woody  fibre,  mcludmg  wood,  cotton, 

''''if^a^piece  of  white  unsized  paper  (filter-paper)  be  soaked  for  a  few 
minutes  in  the  strongest  nitric  acid  (sp.  gr.  1-52),  then  washed  m  a  large 
volume  of  water  and  aUowed  to  dry,  it  will  be  found  to  have  suffered 
little  alteration  in  appearance  or  texture,  but  to  have  acquired  the  pro- 
perty of  burning  with  almost  explosive  violence  on  the  apphcation  ot  a 
flame  or  even  of  a  moderately  heated  glass  rod.  This  is  due  to  the 
presence,  in  the  altered  paper,  of  a  quantity  of  oxygen  m  the  form  ot 
NO  (nitric  peroxide),  which  serves  to  burn  up  the  paper  very  rapidly 
renderincr  it  in  great  measure  independent  of  any  extraneous  supply  ot 
oxycren  °  The  NO,  has  been  introduced  into  the  paper  m  the  place  ot  an 
equfval'ent  quantity  of  hydrogen,  wHch  has  ^een  converted  into  water  by 
the  fifth  equivalent  of  oxygen  in  the  nitric  acid  (KO  .  JN  U^). 

The  pyroxyline  so  obtained,  however,  is  always  associated  witli  a 
quantity  of  unaltered  paper,  for  the  water  which  is  formed  by  the  oxida- 
tion of  the  hydrogen,  dHutes  the  remaining  nitric  acid  so  that  imle^s  a 
very  large  proporti;)n  of  nitric  acid  were  employed,  the  acid  would  become 
so  far  weakened  towards  the  close  of  the  operation  as  to  be  mcapable  of 
converting  the  last  portions  of  paper  into  P^^yl-^. XTs^^ 
each  fibre  composing  the  paper  is  a  very  mmute  tube,  often  folded  several 
tTmes,  it  is  not^possible  for  the  nitric  acid  to  penetrate  its  entn-e  substance 
unless  the  paper  be  soaked  in  it  for  a  long  time. 

In  order  to  effect  a  more  complete  conversion  of  the  woody  fibre  into 

pyroxyline,  the  nitric  acid  must  be  ^7*^^,  7*^,^^^°"°  ^^^J^^^^^^ 
which  will  combine  with  the  water  produced  by  the  action  of  the  nitric 
acid  upon  the  hydrogen  of  the  fibre,  and  wiU  thus  virtually  maintain  the 
nitric  acid  at  its  greatest  strength  throughout  the  operation.  Co  on 
wool,  from  the  looseness  of  its  texture,  is  more  easily  converted  mto 
pyroxyline  than  paper. 

The  following  proportions  may  be  recommended  for  the  preparation  of  ^^^^^^^^^ 
on  a  small  scale  :-Dry  1000  grains  of  pure  nitre  (p.  429)  at  a  very  moderate  heat. 
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place  it  in  a  dry  retort  (fig.  274),  pour  upon  it  10  drms.  (by  measure)  of  strong  sul- 
phuric acid,  and  distil  until  6  drms. 
of  nitric  acid  have  passed  over 
iuto  the  receiver.  Dry  some  pure 
cotton  wool,  and  weigh  out  30  grains 
of  it.  Mix  2^  measured  drachms  of 
tlie  nitric  acid  with  an  equal  volume 
of  strong  sulphuric  acid  in  a  small 
beaker.  Allow  tlie  mixture  to  cool, 
immerse  the  cotton  wool,  pressing 
it  down  with  a  glass  rod,  cover  the 
beaker  with  a  glass  plate,  and  set  it 
aside  for  fifteen  minutes.  Lift  the 
cotton  out  with  a  glass  rod,  throw  it 
into  a  pint  of  water,  and  wash  it  Fig.  274. 

thoroughly  in  a  stream  of  water 

till  it  no  longer  tastes  acid  or  reddens  blue  litmus  paper.  Dry  the  cotton  by  exposure 
to  air  or  at  a  very  moderate  heat. 

Very  great  attention  has  been  paid  to  the  manufacture  of  gun-cotton 
during  the  last  few  years,  -nith  the  object  of  producing  a  perfectly  uniform 
product  which  might  be  employed  as  a  substitute  for  gunpowder. 

The  following  is  an  outline  of  the  process  now  generally  adopted  for  the 
production  of  large  quantities  of  gun-cotton  : — 

369.  Manufacture  of  gun-cotton. — The  cotton  is  employed  in  the  form 
of  loose  skeins  of  about  three  ounces  each,  which  are  thoroughly  cleansed 
by  immersion  for  about  15  minutes  in  a  boiling  solution  of  carbonate  of 
potash,  containing  1  lb.  of  carbonate  to  3  gallons  of  water  (sp.  gr.  1-02). 
This  alkaline  liquor  would  dissolve  greasy  and  resinous  substances,  and  the 
lignine  derived  from  any  seed  entangled  in  the  cotton,  these  substances 
imparting  a  brown  colour  to  the  solution.  In  order  to  avoid  the  necessity 
of  wringing  the  skeins  by  hand,  they  are  placed  in  a  centrifugal  machine 
(p.  498),  which  is  a  cylinder  made  of  iron  or  copper  gauze,  through  which 
the  Uquid  is  whirled  out  by  the  rapid  rotation  of  the  cylinder  upon  an 
axle.  The  skeins  are  then  washed  in  running  water,  again  whirled  in  the 
centrifugal  machine,  dried  in  a  warm  air  chamber,  and  transferred  to  stone- 
ware jars,  with  air-tight  lids  to  prevent  absorption  of  moisture. 

The  proportions  in  which  it  is  found  most  advantageous  to  mix  the 
nitric  and  sulphuric  acids  are  1  part  of  nitric  acid  (sp.  gr.  1  '52)  and  3  parts 
by  weight  (or  2-45  by  volume),  of  sulphuric  acid  (sp.  gr.  1-84).  These 
proportions  of  the  acids  are  placed  in  separate  stoneware  cisterns  with 
taps,  and  allowed  to  run  simultaneously,  in  slow  streams,  into  another 
stoneware  cistern  furnished  with  a  tap  and  an  iron  lid,  through  a  second 
opening  m  which  an  iron  stirrer  is  employed  to  mix  the  acids  thoroughly. 
The  mixture  is  set  aside  for  several  hours  to  become  perfectly  cool. 

A  quantity  of  the  mixed  acids  is  drawn  off  into  a  deep  stoneware  pan 
standing  in  cold  water,  and  provided  with  a  perforated  iron  slielf,  upon 
which  the  cotton  may  be  drained.  The  prepared  skeins  arc  immersed,  two 
at  a  time,  in  the  acid,  and  stirred  about  in  it  for  two  or  three  minutes 
"vvdth  an  iron  stirrer.  They  are  then  placed  upon  the  perforated  shelf,  and 
the  excess  of  acid  squeezed  out  of  them  with  the  stirrer.  Enough  acid  is 
drawn  from  the  cistern  to  replace  that  which  has  been  absorbed  by  the  two 
skeins,  and  two  more  skeins  are  treated  in  the  same  way.  Since  a  consider- 
able rise  of  temperature  is  produced  by  the  action  of  the  nitric  acid  upon 
the  cotton,  it  is  necessary  to  keep  the  pan  surrounded  with  cold  water. 
A  large  proportion  of  the  cotton  is  doubtless  converted  into  gun-cotton  in 
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this  preliminary  immersion  in  tlie  mixed  acids;  but  in  order  to  convert 
tlie  remainder,  it  is  necessary  to  allow  the  cotton  to  remain  in  contact  with 
the  acid  for  a  much  longer  period,  so  as  to  ensure  its  penetration  into 
every  part  of  the  miniite  twisted  tubes  of  the  fibre.  The  preliminary, 
immersion  of  each  skein  has  the  advantage  of  wetting  every  part  with  the 
acid,  which  could  not  be  so  certainly  effected  if  several  skeins  were  tlrrown 
at  once  into  a  jar,  and  of  preventing  the  great  accumulation  of  heat  which 
would  ensue  if  the  enthe  chemical  action  were  allowed  to  take  place  upon 
a  number  of  skeins  at  the  same  time.  The  amount  of  heat  evolved  during 
the  subsequent  soaking  in  acid  is  comparatively  small. 

The  skeins  are  next  transferred  to  a  jar  Avith  a  well-fitting  coyer,  in  which 
they  are  pressed  down  and  completely  covered  with  the  mixed  acids,  of 
which  from  10  to  15  times  the  weight  of  the  cotton  will  be  required, 
according  to  the  closeness  with  which  the  skeins  are  packed  in  the  jar. 
The  jar  il  placed  in  cold  water,  and  the  cotton  allowed  to,  remain  in  the 
acid  for  48  hours. 

The  skeins  are  then  removed,  with  the  aid  of  an  iron  hook,  to  the  cen- 
trifugal machine,  in  which  they  are  whirled,  at  first  slowly,  and  afterwards 
at  800  revolutions  per  minute,  during  ten  minutes,  when  the  bulk  of  the 
acid  is  separated.  In  order  to  wash  away  the  remainder  of  the  acid,  each 
skein  is  rinsed  very  rapidly  in  a  large  volume  of  water;  for  if  the  water 
were  allowed  to  come  slowly  into  contact  with  the  mixed  acids,  so  much 
heat  would  be  evolved  as  to  decompose  a  portion  of  the  pyroxyline ;  the 
washing  by  hand  is  continued  in  a  stream  of  water  until  the  cotton  no 
longer  tastes  acid,  and  the  skeins  are  then  allowed  to  remain  suspended 
in  the  stream  for  48  hours. 

After  having  been  drained  in.  the  centrifugal  machine,  they  are  boiled 
for  a  few  minutes  in  a  solution  of  1  lb.  of  carbonate  of  potash  in  3  gallons 
of  water,  to  neutralise  any  remaining  trace  of  acid,*  again  drained  in  the 
centrifugal  machine,  and  left  in  the  stream  for  about  a  fortnight.  The 
gun-cotton  is  then  dried  by  exposure  to  air. 

Divested  of  merely  mechanical  details,  the  manufacture  of  gun-cotton  is 
seen  to  consist  of  the  following  essential  operations: — 

(1.)  Cleansing  the  cotton  by  boiling  with  carbonate  of  potash,  and  subse- 
quent washing  with  water.  _  . 

(2.)  Immersion  for  two  or  three  minutes  in  a  mixture  of  strongest  nitric 
acid  with  three  times  its  weight  of  strongest  sulphuric  acid. 

(3.)  Soaking  for  48  hours  in  a  fresh  portion  of  the  mixed  acids. 

(4.)  Thorough  washing  with  water. 

(5.)  Boiling  with  carbonate  of  potash. 

(6.)  Thorough  washing  and  drying. 

In  the  opinion  of  some  manufacturers,  it  is  advantageous  to  impregnate 
the  finished  gun-cotton  with  a  solution  of  silicate  of  soda,  to  dry  it,  and  agam 
wash  it  with  water.  It  was  supposed  that  the  silicate  of  soda  was  decom- 
posed, partly  by  lingering  traces  of  acid  in  the  cotton,  partly  by  the  action 
of  atmospheric  carbonic  acid,  a  minute  quantity  of  silica  being  thus 
deposited  in  the  fibre,  which  had  the  effect  of  retarding  the  combustion 
to  a  desirable  extent,  and  of  diminishing  the  tendency  of  the  cotton  to 
absorb  moisture  from  the  air.  Experiments  instituted  by  Abel  tend 
to  prove  that  the  advantages  of  tliis  silicating  process  are  altogether 
imaginary. 

*  The  alkaline  hath  would  also  remove  any  resinous  substances  produced  by  the  action 
of  the  nitric  acid  upon  the  seed,  &c.,  accidentally  left  in  the  original  cotton. 
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370.  Chemical  compoislUoii  of  (jun-cotton. — Perfectly  iiuro  gun-cotton 
contains  carbon,  hydrogen,  nitrogen,  and  oxygen,  in  proportions  which 
correspond  to  the  empmcal  formula  Cj.,H.]Sr.,05.3.     The  determination  of 

I  its  rational  formida  is  attended  with  difficulty,  because,  being  an  indiffe- 
rent substance,  it  does  not  form  dehnite  combinations  with  other  bodies 
of  known  equivalent  weight,  and  it  is  of  course  impossible  to  arrive  at  its 
volume  in  the  state  of  vapour,  Avhicli  so  frequently  affords  valuable  assist- 
ance in  fixing  a  rational  formula.  Having  regard  to  the  mode  of  its  for- 
mation from  cellulose  (cotton),  C.^HjuOj^,  by  the  action  of  nitric  acid, 
^vithout  evolution  of  gas,  the  most  jjrobable  rational  formida  appears  to  be 
C,.,H.(iSrOj).,OjQ,  which  represents  it  as  trinitrocellulose,  or  cellulose  in 
which  three  equivalents  of  nitric  peroxide  have  been  substituted  for  three 
of  hydrogen.  The  action  of  nitric  acid  ujDon  the  cotton  would  then  be 
represented  by  the  equation — 

C:,H,„0,„    -t-    3(H0.2s^O,)    =    C3,H.(N0,),0,„    +  6H0.* 

Cellulose.  Trinitrocellulose. 

According  to  this  equation,  100  lbs.  of  cotton  should  furnish  183  lbs. 
of  gun-cotton ;  but  in  practice  only  about  177  lbs.  are  obtained,  a  part  of 
the  deficiency  being  accounted  for  by  unavoidable  mechanical  loss,  and  by 
small  quantities  of  foreign  matters  dissolved  out  by  the  acids. 

That  the  nitrogen  is  really  present  in  the  gun-cotton  in  the  form  of 
nitric  peroxide  (NO^),  as  implied  in  the  above  formula,  is  indicated  by 
the  action  of  potash,  which  dissolves  the  gun-cotton,  and  yields  a  solution 
containing  nitrate  and  nitrite  of  potash,  exactly  the  products  which  are 
formed  by  the  action  of  potash  upon  nitric  peroxide  (p.  135). 

Another  reaction  of  gun-cotton  which  supports  the  above  view  of  its 
constitution,  is  that  with  hydrosulphate  of  potassium.  If  some  hydrate  of 
potash  be  dissolved  in  alcohol,  and  the  solution  saturated  with  gaseous 
hydrosulphuric  acid,  an  alcoholic  solution  of  hydrosulphate  of  potassiuni 
(KS  .  HS)  is  obtained;  and  if  the  gun-cotton  be  immersed  in  this  solution, 
and  gently  heated,  it  will  be  rapidly  reconverted  into  ordinary  cotton,  and 
nitrite  of  potash  will  be  found  in  the  solution — 

C,,K(NO,)Ao  +  3(KS.HS)  =  C,,H„p,„  +  3(KO.N03)  +  S,. 

Trinitrocellulose.  Cellulose. 

This  is  the  so-called  synthetical  method  of  determining  the  composition 
of  gun-cotton,  for  of  course  183  parts  of  the  latter  should  furnish  100  parts 
of  cotton. 

371.  Products  of  the  explosion  of  gun-cotton. — From  what  has  been 
stated  with  respect  to  the  products  of  explosion  of  gunpowder  (p.  423), 
it  might  be  expected  that  those  fm-nished  by  gun-cotton  would  vary 
according  to  the  conditions  under  which  the  explosion  takes  place. 
When  a  mass  of  the  cotton  is  exploded  in  an  unconflned  state,  the 
explosion  is  comparatively  slow  (though  appearing  to  tlie  eye  almost  in- 
stantaneous), since  each  particle  is  fired  by  the  flame  of  that  immediately 
adjoining  it,  the  heated  gas  (or  flame)  escaping  outwards,  so  that  some 
time  elapses  before  the  interior  of  the  mass  is  ignited.  But  when  the 
gun-cotton  is  enclosed  in  a  strong  case,  so  that  the  flame  from  the  portion 
first  ignited  is  unable  to  escape  outwards  and  must  spread  into  the  interior 
of  the  mass,  this  is  ignited  simultaneously  at  a  great  number  of  points, 
and  the  decomposition  takes  place  far  more  rapidly ;  a  given  weight  of 

*  If  atomic  ."iynihols  anrl  the  unitary  fomiula  for  nitric  acifl  lie  employtd,  tlio  eniiatioii 

would  become  e„H,„e3  +  sHNo^  =  e„iry(Ne,)3eg  +  3ii,e. 
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cotton  being  thus  consumed  in  a  much  shorter  time,  a  far  higher  tempera- 
ture is  produced,  and  the  ultimate  results  of  the  explosion  are  much  less 
complex,  as  would  be  expected  from  the  well-known  simplifying  effect  of 
high  temperatures  upon  chemical  compounds. 

Some  of  the  earliest  experiments  upon  gun-cotton  showed  that  when  it 
was  fired  in  a  loose  state,  nitric  oxide,  nitrous  acid,  hydrocyanic  acid,  &c., 
were  discoverable  among  the  gaseous  products,  and  gave  rise  to  melancholy 
forebodino-s  of  injury  to  miners  and  gunners  from  the  inhalation  of  the 
poisonous" vapours.  Further  experience  has  proved  that  no  objection  can 
be  made  to  the  use  of  gun-cotton  on  this  ground,  for  when  it  is  employed, 
either  in  fire-arms  or  in  blasting,  it  is  of  necessity  fired  in  a  confined 
state,  and  the  products  are  simply  aqueous  vapour,  carbonic  acid,  carbonic 
oxide,  and  nitrogen,  with  a  little  marsh-gas  and  hydrogen. 

The  determination  of  the  products  of  explosion  of  confined  gun-cotton 
has  been  effected  by  Karolyi  in  the  same  manner  as  in  the  case  of  gun- 
powder {see  p.  424),  by  enclosing  the  cotton  in  a  cast-iron  cylinder,  strong 
enough  to  resist  burstrng  until  the  combustion  of  the  last  portion  of 
the  charge,  which  was  suspended  in  an  iron  globe  exhausted  of  air, 
and  exploded  by  the  galvanic  battery;  the  total  volume  of  the  gases 
collected  in  the  globe  was  then  determined  and  subjected  to  analysis. 
The  amount  of  gun-cotton  fired  was  about  150  grains.  Unfortunately, 
the  formula  given  for  the  sample  of  gun-cotton  experimented  on  does  not 
represent  the  trinitrocellulose  which  constitutes  pure  gun-cotton,  being 
C,^Hi,]Sr5038,  instead  of  C^iH^N^O,^  (representing  2  eqs.  of  trinitrocellulose), 
but  the  difficulty  attending  the  exact  ultimate  analysis  of  gun-cotton  is  so 
great,  that  there  is  greater  probabihty  of  the  analysis  being  incorrect  than 
of  the  composition  of  the  cotton  having  really  differed  materially  from 
that  of  trinitrocellulose.    100  grains  of  gun-cotton  gave  a  quantity  of 
aqueous  vapour  and  gaseous  products,  calculated  to  occupy,  at  60°-8  T. 
and  29-06  in.  Bar.,  325-5  cubic  inches,  supposing  the  aqueous  vapour  to 
remain  uncondensed  at  that  temperature.    The  analysis  of  the  gas  proved 
that  100  volumes  of  the  products  of  explosion  contain — 


Aqueous  vapour,        .       .  25-34  vols. 

Carbonic  oxide  (CO),        .  28-95  „ 

Carbonic  acid  (COj),         .  20-82  „ 

Nitrogen,  ....  12-67  „ 

Hydrogen,  .  .  .  3-16  „ 
Marsh-gas  (C^HJ,     .       .        7-24  „ 


98-18  „ 

The  amount  of  aqueous  vapour  was  inferred  from  that  of  the  hydrogen 
contained  in  the  gun-cotton. 

If  the  marsh-gas  and  hydrogen  be  left  out  of  consideration,  the  follow- 
ing equation  will  account  for  the  other  products  of  the  explosion,  sup- 
posing the  gun-cotton  to  be  pure  trinitrocellulose — 

C,A(NOJ,0,„  =  9C0  +  SCO,  -t-  7H0  +  . 
According  to  this  equation,  100  grains  of  gun-cotton  shoidd  furnish  356 
cubic  inches  of  gas  and  vapour,  instead  of  325-5  as  determined  by  experi- 
ment, and  the  volumes  of  the  products  should  be — 


Aqueous  vapour,  .  .  28  vols. 

Carbonic  oxide,  .  .  •  36  ,. 

Carbonic  acid,    .  12  .. 

Nitrogen,    .       .  .  .  12  ,, 
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which  do  not  agree  with  the  experimental  results.  It  is  not  to  be  ex- 
pected, however,  that  one  simple  equation  should  correctly  represent  all 
the  products  of  such  a  decomposition  (see  p.  425), 

It  has  been  stated*  that,  practically,  gun-cotton  is  most  effective  in 
guns,  when  of  such  density  that  11  lbs.  occupy  a  cubic  foot.  One  cubic 
inch  would  then  weigh  44-5  grains,  and  would  evolve  (calctdating  from 
the  residt  of  Karolyi's  experiment)  a  quantity  of  steam  and  gas  which 
would  occupy  140-5  cubic  inches  at  60°  F.  and  30  in.  Bar.,  supposing  the 
steam  to  be  capable  of  remaining  uncondensed. 

It  was  calculated  at  p.  426,  that  one  cubic  inch  of  gunpowder,  or  235 
grains  (58  lbs.  to  the  cubic  foot),  woidd  evolve  207  cubic  inches  of  gas 
measured  at  60"  F.  and  30  in.  Bar. 

It  is  much  to  be  regretted  that,  up  to  the  present  time,  no  one  has 
succeeded  in  determining  the  heat  evolved  in  the  explosion  of  a  given 
weight  of  gun-cotton,  so  that  it  is  impossible  to  calcidate  the  volume  which 
the  products  would  occupy  at  the  instant  of  the  explosion,  and  therefore 
the  mechanical  eifect  which  the  expanded  gases  are  capable  of  producing. 

Supposing  the  products  of  explosion  to  be  equally  expanded  by  heat 
at  the  moment  of  explosion,  it  would  appear  at  first  sight  that  gunpowder 
shoidd  produce  a  greater  mechanical  effect  than  an  equal  weight  of  gun- 
cotton — 

44-5  grs.  of  gun-cotton  occupying  1-0  cub.  in.  evolve  140-5  cub.  in.  of  gas  (cooled) 
44-5      „     gunpowder       „        0-2     „  „  207 

If  both  charges  were  confined  in  spaces  which  they  exactly  filled,  the 
pressures  exerted  would  be  1035  atmospheres  for  gunpowder,  and  140-5 
atmospheres  for  gun-cotton. 

Experience,  however,  has  shown  that  a  given  weight  of  gun-cotton  pro- 
duces three  times  the  effect,  in  artillery,  of  an  equal  weight  of  gunpowder. 
To  account  for  this,  it  might  be  supposed  that  the  heat  evolved  in  the 
combustion  of  the  cotton  exceeds  that  produced  by  gunpowder,  so  that 
although  the  gas  from  the  latter  is  calculated  to  exert  a  higher  pressure  at 
the  ordinary  temperature,  it  is  less  heated  and  expanded  at  the  moment 
of  explosion,  and  therefore  exerts  less  pressure  than  the  gas  from  gun- 
cotton.  "Without  any  such  assumption,  however,  the  superior  power  of 
gun-cotton  in  artiUery  may  be  explained  by  the  more  complete  explosion 
of  the  entire  charge,  and  by  the  greater  rapidity  of  its  combustion. 

It  is  well  known  that  a  very  large  proportion  of  the  charge  of  gun- 
powder is  blown  out  of  the  gun  unburnt,  whereas,  by  proper  management, 
every  particle  of  the  gun-cotton  may  be  consumed. 

But  the  greater  rapidity  of  the  combustion  of  gun-cotton  is  probably 
the  most  important  reason  for  its  greater  mechanical  effect,  since  the  entire 
volume  of  the  gas  would  be  evolved  before  the  confining  space  was  ma- 
terially enlarged  by  the  movement  of  the  projectile,  which  would  thus  be 
exposed  to  the  maximum  pressure.  Indeed,  this  rapidity  of  combustion 
(due  to  the  nature  of  gun-cotton  as  a  chemical  compound,  and  not  a 
mechanical  mixture  like  gunpowder)  was  the  chief  obstacle  to  its  use  in 
artniery,  since  it  frequently  biirst  the  gun  in  the  earlier  trials,  until  it 
was  discovered  that,  by  spinning  and  weaving  the  yarn  into  webs  of 
various  degrees  of  closeness,  the  rate  of  combustion  could  be  modified  as 
that  of  gunpowder  is  by  granulation  ;  so  that  whilst  the  loose  yarn  burns 
in  the  open  air  at  the  rate  of  1  foot  per  second ;  when  twisted  into  thread 
•  Report  of  the  Gun-cotton  Committee  to  the  Britisli  Association,  1863. 
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and  woven  into'  a  web  for  cartridges,  it  burns  in  the  open  air  at  the  rate 
of  10  feet  per  second,  and  this  rate  may  be  varied  by  varying  the  tight- 
ness with  which  the  thread  is  twisted.  When  the  charge  is  confined  m 
a  "un  however,  the  results  are  not  so  satisfactory,  since  the  great  pressure 
of°the'  ^as  first  generated  drives  the  flame  through  the  mass  of  cotton,  and 
produces  almost  instantaneous  ignition  throughout,  resulting  in  serious 
dama-e  to  the  bore  of  the  gun.  It  has  been  found  preferable,  m  making 
cartridges  for  fowling-pieces,  to  dilute  the  gun-cotton  by  mixing  it  with 
some  unconverted  cotton.  Abel  reduces  the  gun-cotton  to  a  pulp  similar 
to  that  used  by  paper-makers,  in  which  state,  it  may,  if  necessary,  be 
diluted  with  ordinary  cotton  m  pulp,  and  may  be  compressed  into  very 
compact,  slowly  burning  cakes,  in  which  it  offers  great  advantages  for 

making  up  a  charge.  ,     .  .      ■ .  t-i. 

In  mining  operations,  such  as  blasting  rocks,  it  is  said  that  gun-cotton 
produces  the  same  effect  as  six  times  its  weight  of  gunpowder;  and  since, 
in  such  cases,  the  space  confining  the  charge  is  incapable  of  gradual  en- 
largement, the  rate  of  combustion  is  not  of  so  much  importance  as  the 
maximum  pressure  to  which  the  gas  is  capable  of  attaining,  so  that  this 
result  can  hardly  be  explained  unless  it  be  supposed  that  the  heat  evolved 
in  the  combustion  of  the  cotton  is  reaUy  greater  than  that  furnished  by 
gunpowder— an  assumption  which  is  scarcely  consistent  with  the  fact 
that  guns  are  much  less  heated  by  firing  a  certain  number  of  rounds  with 
gun-cotton  than  they  would  be  with  gunpowder.  It  must  not  be  lor- 
gotten,  however,  that  smce  gun-cotton  leaves  no  soM  products  of  explo- 
sion, the  entire  amount  of  heat,  whatever  that  may  be,  is  available  lor 
the  expansion  of  the  gaseous  products,  giving  it  a  great  advantage  over 
powder,  of  which  the  solid  products  have,  of  course,  to  be  raised  to  the 
same  temperature  as  the  gases,  without  contributing  to  mcrease  the 
mechanical  effect  by  their  expansion. 

If  the  end  of  a  strand  of  gun-cotton  yarn  be  lundled  at  a  very  tew 
points  of  the  filaments,  by  a  spark  on  touch-paper,  or  at  the  end  of  a  piece 
of  strinc'  it  will  undergo  a  very  slow  smouldering  combustion,  as  first 
observed  by  Abel ;  and  if  the  experiment  be  made  m  a  narrow  glass  tube 
closed  at  one  end,  the  carbonic  oxide  may  be  kindled  at  the  mouth  ot  the 
tube,  whilst  the  cotton  is  smouldering  inside. 

372  Properties  of  gun-cotton  compared  tvith  those  of  gunpoicder.— 
Gun-cotton  is  more  easily  exploded  than  gunpowder;  the  latter  requires 
a  temperature  of  at  least  600°  F.,  whilst  gun-cotton  may  explode  at  i  /  / 
and  must  explode  at  400°  F.  It  is  very  difficult  to  explode  gunpowder 
by  percussion,  even  between  a  steel  hammer  and  amal;  but  gun-cotton 
invariably  detonates  in  this- way,  though  the  explosion  is  confined  to  the 
part  under  the  hammer.  The  explosion  of  gun-cotton  is,  of  course,  iinat- 
tended  by  any  smoke,  a  most  important  advantage  m  mines,  the  atmo- 
sphere of  Avhich  is  sometimes  rendered  almost  intolerable  by  the  smoke  ot 
gunpowder  used  in  blasting.  The  absence  of  residue  from  the  gun-cotton 
prevents  the  fouling  of  gmis,  and  renders  it  unnecessary  to  sponge  tliem 
after  each  discharge,  for  the  amount  of  incombustible  mineral  matter  pre- 
sent in  the  cotton  is  very  small  (from  1  to  2  per  cent.),  and  is  entirely 
scattered  by  the  explosion.  , 

Xt  has  already  been  mentioned  that  the  explosion  of  gun-cotton  does 
not  impart  so  mucli  heat  to  the  metal  of  the  gun  as  that  of  powder,  the  ditter- 
ence  being  so  great  that,  after  firing  100  rounds  Avith  gun-cotton,  the  gun 
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•was  not  so  much,  heated  as  after  30  rounds  with  gunpowder.  This  imj^ortaut 
advantage  of  gun-cotton  has  been  explained  by  some  to  depend  upon  the 
very  high  specitic  heat  of  the  aqueous  vapour,  which  forms  so  large  a  portion 
of  the  products  of  explosion.  For  since  the  specific  heat  of  steam  is  048, 
and  that  of  carbonic  oxide  (which,  among  the  products  from  gunpowder, 
has  the  highest  specific  heat)  is  0-25,  nearly  twice  as  much  heat  would 
■be  consumed  in  raising  the  former  to  a  given  temperature  as  in  raising  the 
latter ;  but  it  is  hardly  necessary  to  account  for  the  result  in  this  manner, 
when  it  is  remembered  that  the  charge  of  gun-cotton  is  only  one-third  of 
the  charge  of  powder,  that  the  explosion  of  the  former  is  so  much  more 
rapid,  leaving  less  time  for  the  communication  of  heat  to  the  metal,  and 
that  there  are  no  highly-heated  solid  products  left  in  contact  with  the 
gun.  Gim-cotton  may  be  fired  upon  the  palm  of  the  hand  with  impunity, 
or  upon  a  heap  of  gunpowder  without  kindling  it ;  although  it  cannot  be 
doubted  that  the  temperatiu-e  of  the  flame  is  really  much  higher  than  the 
inflaming  point  of  powder.  That  the  recoil  of  a  gun  charged  with  gnui- 
cotton  is  only  two-thirds  of  that  experienced  with  gunpowder,  is  a  matter 
for  the  consideration  of  the  artillerist  rather  than  the  chemist.  The  fact 
that  if  gun-cotton  be  used  to  efiect  a  breach  in  jjalisades,  &c.,  it  must  be 
confined  in  a  strong  case,  whereas  gunpowder  in  a  bag  woidd  sufiice  for 
the  work  of  demolition,  is  explained  by  what  has  been  stated  at  p.  503, 
viz.,  that  the  flame  tends  outwards  so  rapidly  from  loosely-confined  gun- 
cotton,  that  its  explosion  is  too  gradual,  and  it  then  produces  less  effect 
than  powder ;  but  when  tightly  confined,  the  flame,  unable  to  escape, 
pervades  the  whole  mass,  and  a  nearly  instantaneous  explosion  is  the 
result. 

It  is  evident,  from  the  consideration  of  its  manufacture,  that  gun- 
cotton  is  entirely  uninjured  by  water,  so  that  a  store  of  this  explosive 
might  be  immersed  in  water  in  case  of  need,  and  would  he  still  service- 
able after  drying,  whereas  gunpowder  is,  of  course,  rendered  useless  by 
contact  with  water,  which  dissolves  out  the  nitre.  Even  when  exposed 
to  very  damp  air,  gunpowder  is  liable  to  injury  from  the  effect  of  moisture 
in  partially  separating  the  nitre  from  the  other  ingredients,  whilst  gun- 
cotton  only  requires  exposure  to  a  dryer  atmosphere  for  a  short  time  to 
render  it  fit  for  use.  The  proportion  of  moisture  retained  by  gun-cotton, 
in  the  ordinary  state  of  the  atmosphere,  is  2  per  cent. 

As  an  objection  to  the  employment  of  gun-cotton  as  a  substitute  for  gun- 
powder, it  has  been  asserted  that  the  trinitrocellulose  is  liable  to  undergo 
spontaneous  decomposition,  which  might  at  any  time  render  the  contents 
of  a  magazine  imserviceable,  or  might  even  give  rise  to  the  evolution  of  a 
sufficient  amount  of  heat  to  cause  an  explosion.  The  origin  of  this  objec- 
tion is  to  be  traced  to  the  old  process  for  preparing  gun-cotton,  in  which 
the  acids  were  not  allowed  to  act  upon  the  cotton  for  a  sufficient  length  of 
•time,  so  that  the  whole  of  the  cotton  was  not  converted  into  true  gun- 
cotton,  but  some  less  stable  substitution  products  were  formed  at  tho 
same  time.  Another  cause  of  spontaneous  alteration  is  the  imperfect 
washing  of  the  gun-cotton,  whereby  minute  traces  of  acid  are  left  in  the 
fibre.  All  recent  experiments,  by  Abel  and  others,  appear  to  have  proved 
that,  considering  its  highly  complex  character,  gun-cotton  is  a  very  stable 
compound  under  ordinary  conditions  j  although,  when  kept  in  a  moist 
state,  it  developcs  traces  of  acid  products,  tlie  temperature  does  not  rise  to 
any  important  extent,  nor  is  the  explosive  quality  of  the  material  at  all 
injured. 
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373.  GuB-cotton  is  somewhat  harsher  to  the  touch  than  ordinary  cotton, 
and  becomes  remarkably  electrical  when  rubbed  between  the  dry  fingers.  It 
is  insoluble  in  alcohol  and  ether,  as  weU  as  in  a  mixture  of  these  solvents, 
though  ordinary  specimens  generally  yield  a  smaU  percentage  of  soluble 
matter  when  treated  with  a  mixture  of  alcohol  and  ether,  because  they 
contain  extraneous  matters,  such  as  the  other  substitution  products  to  be 
mentioned  presently.  Acetic  ether  dissolves  it,  and  so  does  a  mixture 
of  ordinary  ether  with  ammonia.  Strong  sulphuric  acid  dissolves  it  with- 
out carbonisation,  unless  any  unconverted  cotton  should  happen  to  be 
present. 

374.  Collodion-coUon. — ^When  cotton  or  paper  is  acted  upon  by  a  mix- 
ture of  nitric  and  sulphuric  acids  containing  more  water  than  is  present 
in  that  employed  for  the  preparation  of  gun-cotton  (p.  501),  compounds 
are  formed  which  contain  less  nitric  peroxide,  and  are  much  less  com- 
bustible than  the  trinitrocellulose,  from  which  they  are  also  distmguished 
by  their  solubility  in  mixtures  of  alcohol  and  ether. 

In  order  to  render  evident  the  relations  between  these  compounds  and 
gun-cotton,  the  formula  of  the  latter  must  be  trebled,  when  we  have  the 
following  series  of  nitro-compounds  produced  by  the  mixtures  of  mtric  acid, 
sulphuric  acid  and  water,  to  which  they  stand  opposite — 


Composition  (if  the  mixed  acids. 
(1.)  HO  .  NOg  +  2(H0  .  SO3) 
(2.)  HO  .  NO,     2(H0  .  SO3)  +  3JH0 
(3.)  HO  .  NO5  +  2(H0  .  SO3)  -1-  4H0 
(4.)  HO  .  NO,  -f-  2(H0  .  SO3)  +  5H0 


Products  of  tlieir  action  on  cellulose. 


C36H,,(NO,),0 


'so 


033H„,(N04)803o 
C3,H,3(NO,),03o 

C3,H,,(NO,)e03o 


As  might  be  expected,  these  compounds  diminish  in  combustibility  in 
proportion  as  the  NO^  contained  in  them  dmiinishes.  The  second  is  that 
employed  for  the  preparation  of  photographic  collodion,  being  dissolved 
for  that  purpose  in  a  mixture  of  ether  and  alcohol. 

In  order  to  prepare  the  soluble  cotton  for  collodion,  three  measured  ounces  of  ordi- 
nary nitric  acid  (sp.  gr.  1-429)  are  mixed  with  two  ounces  of  water  m  a  pint  beaker. 
Nine  measured  ounces  of  strong  sulphuric  acid  (sp.  gr.  1-839)  are  added  to  this  mix- 
ture  which  is  continually  stirred  whilst  the  acid  is  being  added.  A  thermometer  is 
placed  in  the  mixture,  which  is  allowed  to  cool  to  140°  F  ;  100  grains  of  dry  cotton 
wool  in  ten  separate  tufts,  are  immersed  in  the  mixture  for  five  minutes,  the  beaker 
being  covered  with  a  glass  plate.  The  acid  is  then  poured  into  another  beaker,  the 
cotton  squeezed  with  a  glass  rod,  and  thrown  into  a  large  volume  of  ^ater;  it  is 
finally  washed  in  a  stream  of  water  till  it  is  no  longer  acid  and  dried  by  exposure  to 
air  fBv  adding  to  the  acid  which  was  drained  out  of  the  cotton,  three  drachms 
more  sulphuric  acid,  and  immersing  another  100  grains  of  cotton  for  ten  minutes,  a 
second  portion  of  soluble  cotton  may  be  obtained.)     .  .  „     .  - 

Collodion  balloons.-These  balloons  may  be  made  m  the  foUowing  manner  -b 
grains  of  the  collodion  cotton,  prepared  according  to  the  above  directions,  are  dissolved  1 
in  a  mixture  of  1  drachm  of  alcohol  (sp.  gr.  -835)  and  2  drachms  of  ether  (sp.  gr   (25^.  . 
in  a  corked  test-tube.    The  solution  is  poured  into  a  dry  Florence  flask  wh  ch 
then  turned  about  slowly  so  that  every  part  of  its  surface  may       covered  with  the 
collodion,  the  excess  of  which  is  then  allowed  to  dram  back  into  "le  tube.    Air  IB  . 
then  blo^n  into  the  flask  through  a  long  glass  tube  attached  to  the  bellows  or  to  the 
blowpipe-table,  fig.  116)  as  long  as  any  smell  of  ether  is  perceptible.    ^  Pen-knite  . 
blade  is  carefully  inserted  between  the  flask  and  the  neck  of  the  balloon,  .vhich  w 
thus  detached  from  the  glass  all  round  ;  a  small  piece  of  glass  tubing  's  mtxoducea 
for.  an  inch  or  two  into  the  neck  of  the  balloon,  so  that  the  latter  may  'jl'ng  rouna 
it.    Through  this  tube  air  is  drawn  out  by  the  mouth  until  one-half  of  he  balloon 
has  left  the  side  of  the  flask  and  collapsed  upon  the  other  half;  '■'^'^Vy.V^'^""^ 
the  tube,  the  whole  of  the  balloon  may  be  detached  and  drawn  out  through  tue  necB 
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of  tlie  flask,  when  it  must  be  quickly  untwisted,  distended  by  blowing  through  the 
tube,  tied  with  a  piece  of  silk,  and  suspended  in  the  air  to  dry.  The  average  weight 
of  such  balloons  is  two  grains. 

When  collodion-cotton  is  kept  for  some  time,  especially  if  at  all  damp, 
it  undergoes  decomposition,  filling  the  bottle  with  red  fumes,  and  becoming 
converted  into  a  gummy  mass,  which  contains  oxalic  acid. 

375.  Xijloicline  is  the  name  given  to  a  highly  combustible  substance 
analogous  to  pyi-oxyline,  which  is  obtained  by  dissolvrug  starch  in  the 
strongest  nitric  acid,  and  diluting  the  solution  with  water,  when  the 
syloidine  falls  as  a  white  precipitate,  which  may  be  collected  upon  a 
filter,  and  washed  till  free  from  acid.  The  composition  of  xyloidine  is 
Cj.jH3(NOJ„Ojo,  representing  starch  (CijEj^Ok,),  in  which  2  equivalents  of 
nitric  peroxide  have  been  substituted  for  2  equivalents  of  hydrogen. 

Nitromannite  {C^„B.^(^O^fi^^  is  another  explosive  body  of  the  same 
order,  obtained  by  adding  powdered  mannite  {C^^^fi-^,  in  small  portions, 
to  a  mixture  of  equal  measures  of  the  strongest  nitric  and  sulphuric  acids, 
which  immediately  dissolve  it,  and  presently  solidify  to  a  mass  of  minute 
needles  of  nitromannite,  which  may  be  washed  with  a  large  volume  of 
water,  and  crystallised  from  boUing  alcohol.  Under  the  hammer,  nitro- 
mannite explodes  with  a  very  loud  report.  "When  heated,  it  fuses  before 
exploding. 

WINE  AND  SPIEITS. 

376.  Wine  is  essentially  composed  of  8  or  10  parts  of  alcohol,  with 
85  or  90  of  water,  together  with  minute  quantities  of  certain  fragrant 
ethers,  of  colouring  matter,  of  bitartrate  of  potash,  and  of  the  mineral 
substances  derived  from  the  grape-juice.  Glycerine  and  succinic  acid 
have  also  been  found  in  wines,  and  appear  to  be  constant  secondary  pro- 
ducts of  the  alcoholic  fermentation. 

Those  wines  in  wliich  the  whole  of  the  sugar  has  been  fermented  Ire 
known  as  dry  wines ;  whilst  fruity  wines  still  retain  a  considerable 
quantity  of  sugar. 

The  preparation  of  wine  difi'ers  from  that  of  beer  in  the  circumstance 
that  no  addition  of  ferment  is  necessary,  the  fermentation  being  excited 
by  a  substance  present  in  the  grape-juice.  This  juice- contains,  in  addition 
to  grape-sugar,  vegetable  albumen,  tartrate  of  potash,  and  the  usual 
mineral  salts  found  in  vegetable  juices.  The  husks,  seeds,  and  stalks  of 
the  grape  contain  a  considerable  quantity  of  tannin,  together  with  certain 
blue,  red,  and  yellow  colouring  matters. 

When  the  expressed  juice  remains  for  a  short  time  in  contact  Avith  the 
air,  the  albuminous  substances  contained  in  it  enter  upon  a  state  of  change, 
exciting  the  vinous  fermentation  in  the  sugar,  and  a  scum  of  yeast  is 
formed  upon  the  surface.  If  this  fermentation  takes  place  in  contact  with 
the  husks  of  the  dark  grapes,  the  alcohol  dissolves  the  colouring  matter, 
and  a  red  wine  results ;  whilst  for  the  production  of  white  wines,  the  husks, 
&c.,  are  separated  previously  to  the  fermentation,  and  the  juice  is  exposed 
as  little  as  possible  to  the  air. 

White  wines  are  rather  liable  to  become  ropy  from  viscous  fermentation 
but  this  is  prevented  by  the  addition  of  a  smaU  quantity  of  tannin,  which 
precipitates  the  pecidiar  ferment.    The  tannin  for  this  purpose  is  extracted 
from  the  husks  and  stalks  of  the  grapes  themselves. 
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Eed  win6s,  such  as  port  and  claret,  are  often  very  astringent  from  the 
tannin  dissolved  out  of  the  husks,  &c.,  during  the  fermentation.  Port 
wine,  when  freslily  bottled,  still  retains  in  solution  a  considerable  quantity 
of  bitartrate  of  potash  (KO  .  HO  .  C^HAo).  '•^^t  after  it  has  been  kept 
some  time,  and  become  more  strongly  alcoholic,  this  salt  is  deposited, 
together  with  a  quantity  of  the  colouring  matter,  in  the  form  of  a  crust 
u^on  the  side  of  the  bottle.  Thus  a  dark  fruity  port  becomes  iawiiy 
and  dry  when  kept  for  a  sufficient  length  of  time,  the  sugar  havmg  been 
converted  into  alcohol. 

When  the  wine  contains  an  excess  of  tartaric  acid,  it  is  customary  to 
add  to  it  some  neutral  tartrate  of  potash  (2K0 .  CgHp  J,  which  precipitates 
the  acid  in  the  form  of  bitartrate. 

The  preparation  of  champagne  is  conducted  with  the  greatest  care.  The 
juice  or  must  is  carefully  separated  from  the  marc  or  husk,  and  is  often 
mixed  with  one  per  cent,  of  brandy  before  fermentation.  After  about  two 
months  the  wine  is  drawn  off  into  another  cask,  and  clarified  with  isinglass 
dissolved  in  white  wine,  and  added  in  the  proportion  of  about  half-an- 
ounce  to  40  gallons.  This  combines  with  the  tannin  to  form  an  insoluble 
precipitate,  which  carries  with  it  any  impurities  floating  in  the  wine. 
After  another  interval  of  two  months,  the  wine  is  again  drawn  oif,  and  a 
second  clarification  takes  place,  and  in  two  months  more  the  wine  is 
drawn  off  into  bottles  containing  a  small  quantity  of  pure  sugar-candy 
dissolved  in  white  wine.  The  bottles,  having  been  securely  corked  and 
wired,  are  laid  down  upon  their  sides  for  eight  or  ten  months,  during 
which  time  the  fermentation  of  the  newly  added  sugar  takes  place,  and  the 
carbonic  acid  produced  dissolves  in  the  wine,  wliilst  a  quantity  of  yeast  is 
separated.  In  order  to  render  the  wine  perfectly  clear,  the  bottle  is  left 
for  about  three  weeks  in  such  a  position  that  the  deposit  may  subside  into 
the  neck,  against  the  cork,  which  is  then  unwhed  so  that  the  pressure  of 
the  accumulated  carbonic  acid  may  force  it  out  together  with  the  deposit  ; 
th^e  bottle  having  been  rapidly  filled  up  with  white  wine,  is  again  corked, 
wired,  covered  with  tin  foil,  and  sent  into  the  market.  Pink  champagne 
is  prepared  from  the  must  which  is  squeezed  out  of  the  marc  after  it  has 
ceased  to  run  freely,  and  contains  a  little  of  the  colouring  matter  of  the 
husk.  The  colour  is  also  sometimes  imparted  by  adding  a  little  tincture 
of  litmus. 

The  proportion  of  alcohol  in  wines  varies  greatly,  as  will  be  seen  from 
the  following  statement  of  the  Aveight  of  alcohol  in  100  parts  of  the  wine  :— 


:  Sherry  contains  from  1  to  5  per  cent,  of  sugar,  port  from  3  to  7  per 
cent.,  and  Tokay  17  per  cent. ;  in  the  last  case,  tire  sugar  is  increased  by 
adding  some  of  the  must  concentrated  by  evaporation  to  the  wine  pre^ 
viously  to  bottling. 

The  bouquet  or  fragrance  of  wine  is  due  to  the  presence  of  certain 
fragrant  ethers,  especially  of  oenanthic,  pelargonic,  and  acetic  ether,  formed 
during  the  fermentation  or  during  the  subsequent  storing  of  the  wine. 


Port,    .  . 
Sherry, 
Champagne, 
Claret,  .  . 
Eudesheimer. 


from  15  to  17. 
„    14  to  16. 
11-5. 


8  to  9. 
7  to  8-5, 
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It  is  to  the  increased  quantity  of  such  fragrant  ether  tlmt  the  superior 
bouquet  of  many  old  wines  is  due. 

377.  Distilled  spirits. — The  varieties  of  ardent  spirits  are  obtained  from 
fermented  hquids  by  distillation,  so  that  they  consist  essentially  of  alcohol 
more  or  less  diluted  with  water,  and  flavoured  either  with  some  of  the 
volatile  products  of  the  fermentation,  or  with  some  essential  oil  added 
for  the  jpurpose. 

Brandy  is  distiUed  from  wine,  and  coloured  to  the  required  extent  with 
burnt  sugar  (caramel).  Its  flavour  is  due  chiefly  to  the  presence  of 
(Knanthic  ether  derived  from  the  wine.  The  colour  of  genuine  pale 
brandy  is  due  to  its  having  remained  so  long  in  the  cask  as  to  have  dis- 
solved a  portion  of  brown  colouring  matter  from  the  wood,  and  is  there- 
fore an  indication  of  its  age.  Hence  arose  the  custom  of  adding  caramel, 
and  sometimes  infusion  of  tea,  to  impart  the  astringency  due  to  the  tannin 
dissolved  from  the  wood  by  old  brandy. 

Whisky  is  distilled  from  fermented  malt,  which  has  been  dried  over  a 
peat  fire,  to  wirich  the  characteristic  smoky  flavour  is  due. 

_  Gin  is  also  prepared  from  fermented  malt  or  other  grain,  and  is  flavoured 
with  the  essential  oil  of  juniper,  derived  from  juniper  berries,  added  during 
the  distillation. 

Rum  is  distilled  from  fermented  molasses,  and  appears  to  owe  its 
flavour  to  the  presence  of  butyric  ether,  or  of  some  similar  compound. 
Arrack  is  the  spirit  obtained  from  fermented  rice. 

Kirschivasser  and  maraschino  are  distiUed  from  cherries  and  their 
stones,  which  have  been  crushed  and  fermented. 

Some  varieties  of  British  brandy  and  whisky  are  distilled  from  fer- 
mented potatoes,  or  from  a  mixture  of  potatoes  and  grain,  when  there 
distils  over,  together  with  ordinary  alcohol,  another  spirit  belonging  to 
the  same  class,  but  distinguished  from  alcohol  by  its  nauseous  and  irritat- 
ing odour.  This  substance,  which  is  known  as  potat.u-spirit,  amijUc 
alcohol,  or  /ousel  oil  (Ci^Hj^O.,)  also  occurs,  though  in  very  minute 
quantity,  in  genuine  wine-brandy.  The  manufacturers  of  spirit  from  grain 
and  potatoes  remove  a  considerable  part  of  tliis  disagreeable  and  unwhole- 
some substance  by  leaving  the  spirit  for  some  time  in  contact  with  wood- 
charcoal. 

THE  ALCOHOLS  AND  THEIE  DEEIVATIYES. 

378.  It  has  already  been  stated  that  alcohol  is  the  type  of  a  very  im- 
portant class  of  compounds  closely  related  to  each  other  in  composition 
and  properties. 

The  alcohols  are  all  composed  of  carbon,  hydrogen,  and  oxygen ;  the 
members  of  the  series  represented  by  common  alcohol  always  contain  two 
equivalents  of  oxygen,  and  •  two  more  equivalents  of  hydrogen  than  of 
carbon.  The  number  of  equivalents  of  carbon  and  hydrogen  is  always  an 
even  number,  so  that  the  general  fornmla  of  an  alcohol  of  this  scries  may 
be  written  thus,  C2nH2„  +  2O2.  Thus,  in  ordinary  or  vinic  alcohol, 
C^HpO,^,  n  =  2,  in  wood-spirit  or  methylia-  alcohol,  CJ-I^O^,  «  =  1,  in 
potato-spirit  or  antiylic  alcohol,  C^^^l^fi^,  n  —  5. 

These  alcohols  constitute,  therefore,  a  truly  homologous  series  (p.  459) 
of  which  many  members,  however,  remain  to  be  discovered. 

The  following  table  includes  the  alcohols  of  this  series  which  are  at 
present  known  : — 
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VINIC  OR  ETHYLIC  CLA.SS  OF  ALCOHOLS. 


Chemical  Name. 


1.  Methylic  alcohol 

2.  Ethylic 

3.  Propylic 

4.  Butylic  „ 

5.  Amylic  „ 

6.  Caproic  „ 

7.  CEnanthic    ,,  J 

8.  Caprylic  „ 
10.  Eutic  „ 
12.  Laurie 

16.  Cetjlic 
27.  Cerylic 
30.  Melissic  „ 


Source. 


Destructive  distillation  of  wood 
Vinous  fermentation  of  sugar 
Fermentation  of  grape-lmsks 
Fermentation  of  beet-root 
Fermentation  of  potatoes  .  . 
Fermentation  of  grape-husks 
Distillation  of  castor-oil  with  i 

potash  •  J 

Fermentation  of  grape-husks 

Oil  of  rue  

Whale  oil  

Spermaceti  

Chinese  wax  

Bees'  wax  


Equivalent 
Formula. 


Common  Name. 


CeHgO, 
^8  HiuOj 


Wood  naphtha 
Spirit  of  wine 


Fousel  oil 


Ethal 

Cerotene 

Melissine 


The  usual  gradation  in  properties  attending  the  gradation  m  composition 
among  the  memhers  of  a  homologous  series,  is  strikingly  exemplified  in  the 
class  of  alcohols.  The  first  eight  members  of  the  group,  Imked  together 
as  they  are  by  an  almost  common  origin  (being  derived,  with  one  exception, 
from  the  fermentation  of  substances  nearly  aUied,  and  that  exception  being  . 
a  product  of  destructive  distillation  which  may  be  regarded  as  au  acceler- 
ated fermentation),  and  by  a  regularly  ascending  composition,  would  be 
expected  to  resemble  each  other  in  their  properties  far  more  closely  than 
the  other  members  of  the  class.  Accordingly,  we  find  that  methylic, 
ethyhc,  propyUc,  butylic,  amyhc,  caproic,  ojnanthic,*  and  capryhc  alcohols, 
are  all  liquid  at  the  ordinary  temperature,  that  they  all  possess  pecuhar 
and  powerful  odours,  and  may  be  readily  distilled  luichanged.  Aniong 
these,  however,  the  gradation  is  not  to  be  overlooked.  The  two  first, 
methyhc  and  ethylic  alcohols,  may  be  mixed  with  water  in  aU  proportions, 
but  the  third,  propylic  alcohol,  though  freely  soluble  m  water,  is  not  so 
to  an  unUmited  extent;  whilst  butylic  alcohol  is  less  soluble,  and  amyhc 
alcohol  may  be  said  to  be  sparingly  soluble  in  water.  Caproic  alcohol, 
the  next  member,  is  insoluble  in  water ;  whilst  capryhc  is  not  only  insoluble, 
but  possseses  an  oily  character,  leaving  a  greasy  staui  upon  paper. 

In  their  boiling  points,  and  the  specific  gravities  of  their  vapours,  a 
similar  gradation  is  observed. 


AlcohoL 


Methylic, 

Ethylic, 

Propylic, 

Butylic, 

Amylic, . 

Caproic, 

CEuanthic, 

Caprylic, 


Boiling  Point. 

Vapour  Density. 

149''-9  F. 

1.12 

173° 

1-61 

205° 

2-02 

233° 

2-59 

269°-8 

3-15 

299°-309° 

3-63 

327°-343° 

356° 

4-50 

This  alcohol  is  of  recent  discovery,  and  has  been  little  examined. 
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One  equivalent  of  each  of  those  alcohols  yields  foiLv  volumes*  of  vapour  • 
or,  m  other  words,  if  a  given  weiglit  of  the  alcohol  corresponding  to  its 
equivalent  number  be  converted  into  vapour,  that  vapour  will  occupy  four 
times  as  much  space  as  would  be  occupied  by  an  equivalent  of  oxy4n  at 
the  same  temperature  and  pressure,  or  twice  the  space  occupied  by  an 
equivalent  of  hydi-ogen,  or  of  water  converted  into  vapour  under  the 
same  conditions. 

The  higher  members  of  the  group  of  alcohols  are  soUd  fusible  bodies 
more  nearly  approaching  to  waxy  or  fatty  matters  in  their  nature,  and  not 
susceptible  of  distillation  mthout  decomposition.  Far  less  is  known  of 
tnese  than  of  the  alcohols  containing  less  carbon 

The  true  chemical  definition  of  an  alcohol  of  this  series  rests  upon  the 

tTt Ww^'''     1  t\  ^^''''''^  '-^g^^t^'  it  fi^st  parts 

n  nnl.  J  1  'j?™^'^*^,  ^  ^^"^^f  is  Converted  into  an  auLjde 

(alcohol  dehycbogenated),  and  afterwards  absorbs  two  equivalents  of 
oxygen  Jiekling  an  acid.  Thus,  it  has  been  already  shown  (p  492)  that 
r/r?;  oVM  ^1  ^^^^^n""^'^  '^T^  ^^^^^  favourable'conditions, 

Icftt  add  C  H  0     '  '  ^  ^^'^^■^"^g  i«  converted  info 

The  formation  of  an  aldehyde  would,  therefore,  be  represented  by  the 
general  formula —  j  ° 

C2„H2„  +  A   +    O,   =   C,„H2,A   +  2H0, 

Alcohol.  Aldehyde. 

and  that  of  the  corresponding  acid  by 

+   0,  =   C,„H,„0,  +  2H0. 

Alcohol  Acid. 

In  addition  to  this,  each  of  these  alcohols,  by  the  loss  of  the  elements  of 
one  equivalent  of  water,  yields  an  ether,  corresponding  to  ordinary  ether 
0,H,0  which  differs  fi-om  vinic  alcohol,  C,H,0„  by  the  elements  of  an 
equivalent  of  water. 

The  general  formula  representing  the  derivation  of  an  ether  from  an 
alcohol  of  the  above  series  is — 


+        -   HO   =  C,„H^„+.0, 

Alcohol.  Ether. 


Hence  every  alcohol  has  its  corresponding  aldehyde,  acid,  and  ether  so 
that  there  are  homologous  series  of  aldehydes,  acids,  and  ethers,  iust  as 
ol  the  alcohols  from  which  they  are  derived. 

The  only  members  of  the  aldehyde  and  ether  series  wliich  have  received 
a  large  share  of  attention  on  account  of  their  practical  importance  are 
those  derived  from  ordinary  alcohol ;  but  the  series  of  acids  contains  i^any 
members  of  importance,  to  some  of  whicli  no  correspondinc  alcohnk 
are  yet  kno-vvn.  ^  "i^ouois 

The  very  important  homologous  series  of  acids  t  composed  aftnr  tlno 
general  formula  C^O,,  includes—  ^  ^^^^ 

*  Or  one  molecule  of  each  alcohol  yields  two  volumes  (H'=  1  vol  ) 
t  Often  spoken  of  a.<,  the  ftceiic  scries  of  acids,  orthe  faUijacid  scrL 

2  K 
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ACETIC  SEEIES  OF  ACIDS. 


Acid. 


Source. 


1.  Formic  acid, 

2.  Acetic  „ 

3.  Propylic  ,, 

4.  Butyric  „ 

5.  Valerianic  acid 

6.  Caproic  „ 

7.  (Enanthic  „ 

8.  Caprylic  „ 

9.  Pelargonic  acid 

10.  Rutic  or  capric  acid 

11.  Euodic* 

12.  Laurie 

13.  Cocinic 

14.  Myristic 

15.  Benic 

16.  Palmitic 

17.  Margaric 

18.  Stearic 

19.  Balenic 

20.  Butic 

21.  Nardio 

27.  Oerotic 
30.  Melissic 


Eed  ants,  nettles 
Vinegar  .... 
Oxidation  of  oils  .  . 
Eancid  butter  .    .  . 
Valerian  root  .    .  . 
Eancid  butter     .  . 
Oxidation  of  castor  oil 
Eancid  butter  .    .  . 
Geranium  leaves  .  . 
Eancid  butter .   .  . 
Oil  of  rue  .... 
Bay  berries     .    .  . 
Cocoa  nut  oil  .    .  . 
Nutmeg  butter    .  . 
Oil  of  ben  .... 
Palm  oil  .... 
Olive  oil?  .    .    .  . 
TaUow  

Butter  

Bees'  wax  .  .  .  . 
Bees'  wax  .    .    .  . 


Equivalent 
Formula. 


CjH„0, 
C,H,0, 
CeHflO, 
CgHsO, 

CjjHjjO^ 

C30S30O4 

C34H34O4 
CseHggO^ 
CssHagO^ 

^40-240^4 

C«H,,0, 
C54H54O4 

060^60^4 


A  very  gradual  transition  of  properties  is  observable  in  tbe  members  of 
this  extended  series  of  acids. 

The  first  niae  members  of  the  series  are  liquid,  the  remamder  sohd  at  com- 
mon temperatures.  Of  the  Uquids,  formic  acid  boils  at  221°  F.,  and  the  boil- 
ing points  of  the  other  members  exhibit  a  gradual  rise  up  to  pelargonic  aci(^ 
which  boUs  at  500°  F.  The  melting-points  of  the  solid  acids  also  ascend 
from  86°  F.  for  rutic  acid  (C,Ao04)  to  192°  F.  for  mehssic  {GJl^O,). 

Formic  and  acetic  acids  may  be  mixed  with  water  m  aU  proportions, 
like  their  corresponding  alcohols,  the  methyHc  and  ethyhc;  propyhci 
acid,  though  soluble  to  a  great  extent  in  water,  resembles  the  correspond-, 
ing  alcohol  in  not  mixing  indefinitely  with  water.  Butyric  acid  behaves, 
in  a  similar  manner.  Valerianic,  caproic,  oenanthic,  and  capryhc  acids  are' 
sparingly  soluble  in  water.  Pelargonic  and  capric  acids  are  very  sparing^: 
soluble,  and  the  remaining  members  of  the  series  are  very  decidedly /a«sr: 
acids,  insoluble  in  water,  and  forming  soaps  with  the  alkahes. 

The  members  of  the  series  of  alcohols,  under  the  action  of  powertui] 
dehydrating  agents,  are  capable  of  parting  with  the  elements  of  two  ' 
equivalents  of  water,  fui-nishing  the  members  of  a  homologous  series  01 
hydrocarbons  related  to  their  correspondmg  alcohols,  as  olefiant  gas  01. 
ethylene  (C.H.)  is  related  to  ethylic  alcohol. 

The  general  formula  for  the  production  of  the  homologues  of  ethylene 
(or  olefines)  from  the  alcohols  may  be  thus  expressed — 


Co«H. 


.0„    -    2H0  = 


•  Eii(ifi)|s,  fragrant. 


OLEFINES  OE  OLEFIANT  GAS  HYDEOCARBONS. 
The  knoAvn  members  of  tliis  series  of  hydrocarbons  are — 
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Name. 

Equivalent 
Fonnula. 

Corresponding 
Acid. 

Corresponding 
Alcoliol. 

1.  Methylene  . 

2.  Ethylene  . 
8.  Propylene  . 

4.  Butylene  .  . 

5.  Amylene  .  . 

6.  Caproylene  . 

J  .    V-12JLlttULIlcn0  . 

8.  Caprylene 

9.  Elaene     .  . 
10.  Paramylene  . 

10  10 
O  TT 

^20^20 

Formic 

Acetic 

Propylic 

Butyric 

Valerianic 

Caproic 

CEnanthic 

Caprylic 

Pelargonic 

Rutic 

Wood-naphtha 
Alcohol 
Propylic 
Butylic 

T^^miHpl  nil 

Caproic 

CEnanthic 

Caprylic 

Rutic 

16.  Cetylene 

^32^32 

Palmitic 

Ethal 

27.  Cerotene 

Cerotic 

Cerotene 

30.  Melissene 

Melissic 

Melisaine 

Of  these  hydrocarbons,  methylene,  ethylene,  and  propylene  are  gaseous  ; 
butylene  is  also  a  gas,  but  easily  condensed  to  the  Hquid  state :  the  re- 
mamder  are  liquid  at  the  ordinary  temperature. 

This  series  exhibits  one  of  the  best  examples  of  pohjmerism  or  multiple 
relation  of  composition,  each  member  of  the  series  being  represented  by  a 
lormula  which  is  a  multiple  by  some  whole  number  of  that  of  the  first 
member  of  the  series. 

Since  one  equivalent  of  each  of  these  hydrocarbons  in  the  state  of 
vapour  occupies /02<r  volumes,'^  it  must  foUow,  if  their  composition  be  cor- 
rectly stated,  that  their  vapour  densities  exhibit  a  multiple  relation  similar 
to  that  which  exists  between  their  formula. 

That  this  is  the  case  wUl  be  seen  by  the  subjoined  table,  which  illus- 
trates very  clearly  the  importance  of  determining  the  specific  gravity  of 
the  vapour  of  a  volatile  substance  as  a  confirmation  of  the  results  of 
analysis : — 


Hydrocarbon. 
Methylene,  C„H„ 
Ethylene, 
Propylene,! 
Butylene, 
Amylene, 
Caproylene, 
Caprylene, 
Elaene, 

Paramylene,  Cj^Hjo 
Cetylene,  C^.H,, 

It  will  be  obsen^ed  that  just  as  the  formula  of  cetylene  (Cj^Hg^)  is  a 
*  Or  one  molecule  occupies  two  volumes  (H  =  1  vol.). 

t  These  hydrocarbons  are  sometimes  designaterl  by  names  which  rpffir  tn  +T,o  »v,„u-  i  ^ 
C  H,  which  they  contain.    Thus  propyleue,S(C' H,),'is  someSe?  MMn}^'t^f 
telrijlene;  caproylene,  Iiexijlene;  kc.  ""ou  <,/ uytewc ,  outy- 

2  K  2 


Specific  gravity  of  vapour. 
0-490 

0-  978 

1-  498 

1-  852 

2-  386 

2-  875 

3-  90 

4-  48 
.5-061 
8-007 
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multiple  of  that  of  methylene  (C,H,)  hj  16,  so  allowing  for  errors  of 
experiment,  the  vapour  density  of  cetylene  (8-007)  is  16  times  tliat  of 
methylene  (0490). 

379.  Aloohol  may  he  studied  as  the  type  of  the  class  to  which  it 

^  Wherany  of  the  fermented  or  distiUed  liquors  of  conmierce  are  sub- 
jected to  distiUation,  the  alcohol  passes  over  during  the  firs\part  of  the 
process,  mixed  with  a  considerable  quantity  of  water;  and  if  the  distiUa. 
tion  be  continued  as  long  as  any  alcohol  passes  over,  and  the  whole  of  the 
distilled  Uquid  be  measured  or  weighed,  the  quantity  of  alcohol  present 
in  the  original  liquid  subjected  to  distillation,  may  be  inferred  (by  refer- 
ence to  a  table)  from  the  specific  gravity  of  the  aqueous  _  spirit  distilled 
from  it,  since  the  lighter  it  is  the  more  alcohol  it  contains,  the  specific 
gravity  of  pure  alcohol  being  0-794.  _  j 

The  strength  of  the  spirit  of  wine  of  commerce  is  ascertamed  by  deter- 
mining its  specific  gravity.  That  known  as  proof  spirit  has  the  specific 
gravity  0-920,  and  is  so  called  because  it  is  the  weakest  spmt  which  will 
answer  to  the  rough  proof  of  firing  gunpowder  which  has  been  moistened 
with  it  and  kindled.  Any  spirit  weaker  than  this  leaves  the  powder 
moist,  and  does  not  explode  it.  It  is  then  said  to  be  under  proof,  whilst 
a  stronger  spirit  is  spoken  of  as  over  proof  . 

Proof  spirit  contains  by  weight,  in  100  parts- 
Water,        .       .  50-76 
Alcohol,      .       .  49-24 
A  spirit  would  be  spoken  of  as  30  per  cent.,  for  example,  07;er  proof, 
if  100  measures  of  it,  when  dUuted  with  water,  would  yield  130  measur^ 
of  proof  spirit.    A  spirit  30  per  cent,  helow  proof  contams,  m  every  iUU 
measures,  70  measures  of  proof  spirit.    By  repeatedly  rectifying  or  r^ 
cUstiUing  the  weak  spirit  obtained  from  a  fermented  liquid,  collecting  the 
first  portions  separately,  a  strong  spirit  may  be  obtained,  contaming  90 
per  cent,  of  alcohol,  but  mere  distiUation  wiU  not  efi-ect  a  fm-ther  separa- 
tion of  the  water.    Weak  spirit  may  be  concentrated  to  a  greater  extent 
than  this,  by  leaving  it  enclosed  in  a  bladder  for  a  considerable  period, 
when  the  water  exudes  through  the  bladder  more  readily  than  the  alcohol, 
so  that  the  latter  accumulates  in  the  mixture  to  the  amount  ot  J5  per 

Another  method  of  separating  a  great  part  of  the  water  consists  in  add- 
ing dry  carbonate  of  potash  to  the  weak  spirit  as  long  as  it  is  dissolved, 
when  the  mixture  separates  into  two  layers,  the  lower  consistmg  of  solu- 
tion of  carbonate  of  potash  in  water,  and  the  upper  one  of  spirit,  coiitam- 
incr  89  per  cent,  of  alcohol.  By  effecting  the  separation  by  means  of  car- 
bonate of  potash  in  a  graduated  tube,  this  method  is  sometimes  employed 
for  roughly  ascertaining  the  proportion  of  alcohol  m  a  ^^^T^^^^^^^ 
distiUed  liquid,  the  foreign  matters  m  which  prevent  any  safe  infeience 

from  the  specific  gravity.  ,    i  i  i      ^^^^;,,rc  I't 

The  last  portions  of  water  are  removed  from  alcohol  V ;:^^7"^g  ^ 
stand  for  two  or  three  days  over  powdered  quick-hme  and  "^istiUmg,  wlien 
the  lime  retains  the  water  in  the  form  of  hydrate  of  lime  and  the  or 
absolute  alcohol  distils  over.  It  must  then  be  preserved  m  ^^U  ^toppea 
bottles,  since  it  readily  absorbs  moistui-o  from  the  atmosphere  -^ts  attrac- 
tion for  water  causes  it  to  evolve  heat  when  mixed  with  that  iiqmcl,  ana 
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the  volume  of  tlie  mixture  is  less  than  the  sum  of  the  volumes  of  its 
compouents,  showing  that  comLiuation  has  taken  place. 

380.  Ether,  or,  as  it  is  sometimes  erroneously  called,  sulphuric  ether 
(C^HjO),  is  obtained  by  distilling  a  mixtiu-e  of  two  measui-es  of  alcohol 
with  one  measure  of  concentrated  sulphuric  acid.    As  soon  as  the  mixture 
begins  to  blacken,  in  consequence  of  a  secondary  decomposition  of  the 
:  alcohol,  the  retort  is  allowed  to  cool,  another  half  measure  of  alcohol  is 
.  added,  and  the  mixture  again  distilled  as  long  as  ether  is  obtained, 

A  far  better  method  of  obtaining  ether  is  that  Imown  as  the  continuous 
,  process.  Alcohol  of  sp.  gr.  0-830  is  mixed  with  an  equal  measure  of  con- 
I  centrated  sulphui-ic  acid,  and  introduced  into  a  retort  or  flask  (fig.  275), 


Fig.  275. — Uontinuous  etherification. 


1  whicli  is  connected  with  a  small  cistern  containing  alcohol.    The  mixtiu'e 
i  in  the  flask  is  rapidly  raised  to  the  boiling  point,  and  alcohol  is  allowed  to 
•  pass  slowly  in  from  the  reservoir  tlu'Otigli  a  syphon  furnished  with  a  stop- 
cock, so  as  to  keep  the  liquid  in  the  flask  at  a  constant  level.    A  thermo- 
meter should  be  immersed  in  the  liquid,  the  temperature  of  which  should 
be  maintained  at  284°  to  290°  F.     By  tbis  process,  one  measure  of  sul- 
phuric acid  will  efi"ect  the  conversion  into  ether  of  thirty  measures  of 
1  alcohol. 

The  boiling  point  of  ether  being  very  low  (94°'8  P.)  necessitates  the 
employment  of  a  good  condensing  arrangement  in  this  process. 

The  liquid  which  distils  over  contains  about  two-thirds  of  its  weight 
of  ether,  with  about  one-sixth  of  water,  and  an  equal  quantity  of  alcohol. 
'  Traces  of  sulphurous  acid  are  also  generally  present.  To  obtain  the  pure 
ether,  it  is  shaken  with  water  containing  a  little  carbonate  of  potash,  when 
the  water  dissolves  the  alcohol,  and  the  potash  removes  the  sulphurous 
acid ;  the  ether  being  very  sparingly  soluble  in,  and  much  lighter  than 
water  (sp.  gr.  0'74),  rises  to  the  siirface,  holding  a  little  water  in  solution. 
This  upper  layer  is  drawn  olf  and  freed  from  water  by  distillation  in  a 
water-bath,  at  a  very  low  heat,  over  quick-lime. 

The  explanation  of  the  chemistry  of  this  process  of  etherification  will 
be  more  intelligible  after  some  otlicr  changes  to  which  alcohol  is  liable 
have  been  studied. 
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The  most  striking  properties  of  ether  are  its  peculiar  odour  and  its 
frreat  volatility  ;  its  rapid  evaporation  when  poured  upon  the  hand  gives 
rise  to  a  sensation  of  intense  cold  ;  and  if  a  little  ether  be  evaporated  by 
blowing  upon  it  in  a  watch-glass  with  a  drop  of  water  hanging  from  its 
convexity,  the  water  will  be  speedily  frozen.  Ether  is  also  exceedingly 
inflammable  :  and  since  its  vapour  is  very  heavy  (sp.  gr.  2;59),  and  passes  m 
an  unbroken  stream  through  the  air  for  a  considerable  distance  great  care 
should  be  taken  to  avoid  pouring  it  from  a  bottle  in  the  neighbourhood 
of  a  flame.  Its  flame  is  far  more  luminous  than  that  of  alcohol,  and  much 
acetylene  is  produced  during  its  imperfect  combustion  (p.  85). 

The  high  specific  gravity,  volatility,  and  inflammability  of  ether  vapour  admit  of 
illustration  by  some  curious  experiments  : — 

If  a  small  piece  of  sponge  be  saturated  with  ether  and  placed  in  the  centre  of  a 
large  wooden  tray,  two  or  three  inches  deep,  the  latter  will  soon  be  entirely  filled 
with  the  vapour,  as  may  be  shown  by  applying  a  lighted  match  to  one  corner.  A 
iuK  may  be  warmed  by  rinsing  a  little  hot  water  round  it,  and  this  having  been 
thrown  out,  a  few  drachms  of  ether  may  be  poured  into  the  jug  which  will  imme- 
diately become  filled  with  ether  vapour,  and  from  this  several  glasses  may  be  hUed 
in  succession,  the  presence  of  the  ether  vapour  being  proved  by  a  lighted  taper. 

A  pneumatic  trough  may  be  filled  with  warm  water,  a  small  test-tube  filled  with 
ether  inverted  with  its  mouth  under  the  water,  and  the  ether  quickly  decanted  up 
into  a  gas-iar  also  filled  with  hot  water,  where  it  will  be  immediately  converted  into 
vapour  and  may  be  decanted  through  the  water  into  other  vessels,  and  dealt  with 
like  a  permanent  gas.  Some  cold  water  poured  over  the  jar  containing  it  at  once 
proves  its  condensible  character. 

When  ether  is  acted  upon  by  hydrochloric,  hydrobromic,  or  hydriodic 
acid,  the  oxygen  of  the  ether  enters  into  combination  with  the  hydrogen 
of  the  acid,  and  the  chlorine,  bromine,  or  iodine,  occupies  its  place. 
Thus,  with  hydrochloric  acid — 

CAO    +    HCl    =    CACl    +  HO. 

Hydrochloric 

Ether. 

In  a  simHar  manner,  liydrobromic  ether,  Cfi.Bv,  and  Mjdriodic  ether, 
CHI,  may  be  formed.  The  best  method  of  obtaining  the  two  last,  how- 
ever' consists  in  distilHng  moderately  strong  alcohol  with  phosphorus,  and 
either  bromine  or  iodine,  when  jphosjjhovinic  or  pliosplietliylic  acid  and 
hydriodic  ether  are  formed — 

+  P  +  I5  -  5C,HJ  +  2H0 .  C,Hp .  PO,  +  4H0.* 

Alcohol.  Phosphovinic  acid. 

These  three  ethers  are  colouriess  fragrant  volatUe  liquids,  which  are 
of  the  greatest  value  in  the  investigation  of  the  constitution  of  complex 

organic  compounds.  /.■,.■,     jr       7  \ 

This  remark  applies  particularly  to  hydriodic  ether  {iodide  of  etliyle), 
which  is  less  volatile  than  the  others,  and  therefore  more  easily  manage- 
able in  experiments  requiring  a  high  temperature. 

Iodide  ofethyle,  or  ethylic  iodide,  is  prepared  by  distilling  1400  grains  of  ordinary 
alcohol  (sp.  gn  0-84)  with  2000  grains  of  iodine,  and  100  grains  of  ordinary  vitreous 
phosphorus.    The  iodine  and  phosphorus  are  added  alternately,  in  small  portions, 

*  If  alcohol  be  written  C,H,0  .  HO,  it  wiU  be  seen  that  this  change    precisely  smnlar 
to  that  which  occurs  in  the  preparation  of  hydriodic  acid  by  the  simultaneous  action 
phosphorus  and  iodine  upon  water-- 

6[(CA)0.H0]  +  P  +  I,  =  6(C,H,)I  +  (CA)0.2H0.P0,  +  4H0 
6(H0.H0)        +  P  +  I,  =  5H1^       +  H0.2H0.P0j        +  4H0  . 


THE  ALCOHOL-RADICALS. 


519 


to  the  alcohol  in  the  retort,  which  is  immersed  in  cold  water  to  moderate  the  action, 
and  occasionally  shaken.  When  the  whole  has  been  added,  the  retort  is  connected 
with  a  Liebig's  condenser,  and  heated  in  the  water-bath,  when  about  2J  measured 
ounces  of  iodide  of  ethyle  mixed  with  alcohol  will  pass  over.  This  is  shaken  in  a 
stoppered  bottle  with  about  an  equal  measure  of  water,  which  dissolves  the  alcohol, 
leaving  the  iodide  of  ethyle  to  collect  at  the  bottom  as  an  oily  layer  (sp.  gr.  1-97). 
After  as  much  as  possible  of  the  upper  aqueous  layer  has  been  removed  with  a 
siphon  or  pipette,  the  iodide  is  poured  into  a  small  retort  containing  fused  chloride 
of  calcium  in  powder  to  remove  the  water.  The  retort  is  closed  with  a  cork,  and 
set  aside  for  some  hours,  when  the  iodide  of  ethyle  may  be  distilled  off  in  the  water- 
bath,  and  condensed  in  a  Liebig's  condenser. 

381.  Alcohol-radicals. — If  etliyHc  iodide  be  poured  over  granulated 
ziac  contained  ia  a  stout  glass  tube,  which  is  then  exhausted  of  air,  herme- 
tically sealed,  and  heated  for  two  hours  in  an  oil-bath  to  300°  F.,  a  crys- 
stalline  substance  is  deposited  which  is  a  compound  of  iodide  of  zinc  with 
ziac-ethyle  (C^H^Zn),  whilst  a  colourless  liquid  separates,  consisting 
of  a  mixture  of  three  hydrocarbons,  which  have  been  liquefied  by  their  own 
pressure.  On  breaking  the  extremity  of  the  tube  under  water,  this  hquid 
rapidly  escapes  in  the  form  of  gas,  which  proves  on  examination  to  contain 
olefiant  gas  (C^Hj),  hydride  of  ethyle  (C^Hg),  and  ethyle  (CJl^),  the  last 
of  which  may  be  obtained  nearly  pure  by  collecting  the  last  portions  of 
gas  separately,  since  ethyle  is  the  least  volatile  of  these  hydrocarbons. 

Neglecting  the  secondary  decompositions  which  give  rise  to  the  other 
products,  the  formation  of  ethyle  would  be  represented  by  the  simple 
equation — 

C,H,I    +    Zn    =    Znl    +    C,H,  . 

Ethylic  iodide.  Etliyle. 

Ethyle  is  a  colourless  gas,  having  a  faint  ethereal  smell,  insoluble  in 
water,  and  requiring  a  pressure  of  two  or  three  atmospheres  for  its 
liquefaction.  The  interest  which  attaches  to  it  is  due  to  its  being  regarded 
by  many  chemists  as  the  radical  or  starting-point  of  the  series  of  com- 
pounds derived  from  vinic  alcohol,  which  is  thence  spoken  of  as  the 
ethyle  series,  and  this  view  of  the  constitution  of  those  compounds  was 
in  favour  long  before  the  compound  CJl^  was  obtained  in  the  separate 
state,  this  being  a  discovery  of  very  recent  date. 

Mention  has  already  been  made  of  the  existence  of  another  radical 
methyle  (CjHg)  obtained  by  a  similar  process,  which  may  be  regarded  as 
the  starting-point  of  the  wood-spirit  series. 

Butyle  (C«Hg),  armjle  (CjoHj,),  and  caproyle  (Cjjlig),  the  supposed 
radicals  of  the  butylic,  amylic,  and  caproic  alcohols,  have  also  been  ob- 
tained, these  being  Hquids  with  progi'essive  boiling  points.  We  are  thus 
in  possession  of  several  members  of  a  homologous  series  of  hydrocarbons, 
which  may  be  designated  the  alcohol-radicals,  and  represented  by  the 
general  formula,  CiJ^in  + 1- 

It  will  be  evident  that  the  series  of  aldehydes  (C2„Hj„02)  and  of  acids  (CgnHjnOi), 
derived  from  the  alcohols  (CjnHjn  +  2O2),  may  be  regarded  as  the  hydratod  oxides  of 
other  radicals  (C2nH2„_i)  which  resemble  the  non-metallic  or  electro-negative  bodies 
rather  than  the  metals,  by  their  disposition  to  yield  acid  rather  than  basic  substances 
when  oxidised.    Thus,  in  the  series  derived  from  common  alcohol — 

CJIA    =  (C.H^p.HO. 

Aldehvde  Hydmtcd  oxide 

C,H,0,   =  (0JI,)03.H0 
Acetic  acid.  "^'^j^'^^^r"'" 
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We  should  thus  have  corresponding  series  of  eleelro-positive  and  electro-negative 
radicals — 

Electro-negative  radicals. 


Electro-positive  radicals. 

Cl,tH.2n  +  1 

Methyle,  C2H3 

Ethyle,  C,H, 
Propyle, 

Butyle,  CgHg 

Amyle,  CjoHn 
&c. 


CinTlin  —  1 

Forrayle,  C^H  ? 

Acetyle,  C^Hj 

Propionyle,  C5H5 

Butyryle,  CjjHy 

Valeryle,  CjuHg 
&c. 


The  electro-negative  radicals  have  not  been  obtained  in  the  separate  state. 

382.  The  formtilte  above  given  for  the  alcohol-radicals  represent  each 
equivalent*  as  yielding  only  two  volumes  of  vapour  (0=1  vol.),  in  which 
respect  they  would  form  exceptions  to  the  rule  which  holds  good  with 
aU  other  compounds  of  carbon  and  hydrogen,  viz.,  that  one  equivalent 
in  the  state  of  vapour  occupies  four  volumes  (p.  460). t 

This  anomaly  would  disappear  if  the  formulae  were  doubled,  so  that 
ethyle  became  GJI^^,  amyle  G.^^'B.^^,  and  so  on.  Experiment  has  shown 
that  these  formulas  really  must  be  doubled  hi  order  to  express  correctly 
the  constitution  of  the  hydrocarbons  ;  for  if  a  mixture  of  iodide  of  ethyle 
and  iodide  of  amyle  (CioHjJ,  prepared  from  fousel  oil  just  as  iodide  of 
ethyle  is  from  alcohol)  be  heated  with  sodium,  a  colourless  liquid  is  ob- 
tained, which  is  a  true  combiriation  of  ethyle  and  amyle  (C4H5 .  C^^|H^) — 

C,H,I    -f    C,oHjJ    +    m,    =    2NaI    +  C,H,.C,oH„ 

Iodide  of  Iodide  of  Ethyle-amyle. 

ethyle.  amyle. 

In  a  similar  manner,  ethyle -butyle  (C^Hg .  CgHJ,  methyle-cap- 
royle  (C^H, .  C^Ji^^),  butyle-amyle  (CgHg .  Cj^Hu),  and  butyle-caproyle 
(CgHg .  CjjHjj),  have  been  obtained. 

These  double  radicals  aU  yield  four  volumes  of  vapour  for  each  equivalent 
of  the  compound,:}:  showing  that  the  ordinary  formula  for  methyle  (C^Hg), 
which  furnishes  only  two  volumes,  must  be  converted  into  that  of  a  double 
radical,  methyle-methyle  (C^Hg .  C^Hj),  which  would  give  four  volumes  of 
vapour,  and  iu  a  similar  manner,  ethyle  would  become  (C4H5,  C4H5),  butyle 
(CgHg .  CgHg),  aud  so  on. 

This  duplicate  nature  of  the  radicals  at  once  explains  the  circumstance 
that  they  do  not  unite  directly  with  chlorine,  bromine,  &c.,  as  might  have 
been  expected.  Thus  ethyle,  with  iodine,  does  not  combiue  to  form  iodide 
of  ethyle,  because  the  ethyle  itself  is  an  ethyHde  of  ethyle. 

Agaiu,  the  formation  of  ziac  ethyle  (C^H^Zn),  and  of  hydride  of  ethyle 
(C^HjH),  durtug  the  action  of  zinc  upon  iodide  of  ethyle,  becomes  intel- 
ligible upon  this  view.  Indeed,  the  first  stage  of  this  action  appears  to 
consist  in  the  formation  of  ziuc-ethyle — 

C.H.I  +   Zn,  =   C^H.Zn   +  Znl. 

Iodide  of  ethyle.  Zlnc-ethylo. 

In  the  second  stage,  the  zinc-ethyle  acts  upon  a  fresh  portion  of  iodide 
of  ethyle,  producing  iodide  of  zinc  and  the  double  radical  ethyle — 
C4HJ    +    C^H^Zn    =    Znl    +  C^H^.C^H,. 

Iodide  of  othyle.      Zinc-ethyle.  Ethylo. 

*  Or  each  molecule  as  yleldhig  one  volume  of  vapour  (H  =  1  vol.) 
t  Or  one  molecule  in  the  state  of  vapour  occupies  2  vols.  (H  —  1  vol.) 
+  Or  one  molecule  yields  two  volumes  of  vapour  (H  =  1  vol.) 


HYDEIDES  0¥  THE  ALCOHOL-EADICALS. 


521 


The  hydride  of  ethyle  itself  clearly  corresponds  to  the  double  radical 
etliylc,  one-halt'  of  which  is  replaced  by  an  equivalent  of  hydrogen 
(CjHj .  H),  itself  occupying  two  volumes,  Hke  the  compound  C^H^  which 
it  has  displaced. 

The  simidtaneous  formation  of  hydride  of  ethyle  and  of  olefiant  gas 
during  the  action  of  zinc  upon  iodide  of  ethyle,  might  be  represented  by 
the  equation — 

2C,HJ   4-   Zn,  =  2ZnI   +   C,H,.H   +  C^H,- 

Iodide  of  etliyle.  Hydilde  of  etbyle. 

Hydride  of  ethyle  is  the  representative  of  a  series  of  homologous  hydro- 
carbons, of  which  the  first  member,  the  hydride  of  methyle  (C2H3 .  H),  is 
identical  with  marsh-gas. 

The  following  table  exhibits  some  of  the  chief  members  of  the  marsh- 
gas  series  of  hydrocarbons  (general  formula  C2„H2„+2),  as  well  as  the  cor- 
responding alcohol  radicals,*  general  formula  2(C2„H2„+i) — 

Radical.  Hydride.t 

Methyle,    .    .    C,B.,.G,I[,  CjH3.H=C2H, 

Ethyle,.    .    .    C,H,.C,H,  C,H, .  H  =  C,H, 

Butyle,  .    .    .    CsHg.OgH,,  CgHg .  H  =  C^H.^ 

Amyle,  .   .    .    CjoH„.C,oHj,  G,,B,,.R  =  G,,1I,, 

The  three  first  of  these  hydrides  are  gaseous,  the  last  a  volatUe  liquid. 

If  ethyle  (C^Hj  =  E)  be  accepted  as  the  radical  of  the  alcohol  series, 
then  ether  (C^H^O)  would  become  the  oxide  of  ethyle,  and  alcohol 
(C^HgOg  =  C4H5O .  HO),  the  hydrated  oxide  of  ethyle ;  and  it  will  be 
seen  that  upon  this  view  a  considerable  number  of  the  relations  of  these 
bodies  can  be  readily  explained. 

383.  On  referring  to  the  action  of  hydrochloric  acid  upon  ether,  it  wiU 
be  seen  to  resemble  exactly  that  of  the  same  acid  upon  the  basic  oxide  of 
a  metal,  consisting  in  an  exchange  between  the  chlorine  of  the  acid  and 
the  oxygen  of  the  base.  Cliloride  of  ethyle  may  also  be  produced  by  the 
action  of  hydrochloric  acid  upon  alcohol  (EO .  HO),  just  as  chloride  of 
potassium  is  produced  by  the  action  of  that  acid  upon  hydrate  of 
potash — 

EO.HO    +    HCl   =    ECl    -f-  2H0. 

Alcohol.  Chloride  of  ethyle. 

It  would  be  expected  that  the  action  of  other  acids  upon  alcohol  would 
correspond  to  their  action  upon  hydrate  of  potash,  and  with  several  acids 
this  is  reaUy  the  case,  although  it  is  far  more  difficult  to  break  up  the 
alcohol  than  the  hydrate  of  potash. 

If  alcohol  be  boiled  for  many  hours  with  dry  oxalic  acid  (HO .  C^O.,)  in 
a  fla.sk  provided  with  a  long  tube,  so  that  the  volatilised  alcohol  may  run 
back,  it  is  found  that,  on  diluting  the  solution  with  water,  a  heavy  fra- 
grant liquid  separates,  which  has  the  composition  C^HjO .  Cfi^,  and  is 
termed  oxalic  ether. 

Its  formation  may  be  thus  represented — 

EO.HO   +   llO.Cfl,  =  EO.CA   +  2H0. 

Alcohol.  Oxalic  acid.  Oxalic  other. 

*  See  al.so  American  petroleiiin,  p.  468. 

t  Each  of  those  hydride.f  i.i  isomeric  with  tlio  radical  iiiiniedialoly  preceding  it  Tlm.s 
hydride  of  ethyle  has  the  .same  composition  as  inetliyle,  and  is  regarded  by  some  cheini.sts  ns 
identical  with  it.  '  ' 
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It  is  formed  far  more  easily  in  the  presence  of  strong  sulphuric  acid, 
since  this  developes  the  ether  (EO)  to  combine  with  the  oxahc  acid. 

By  treatment  with  hydrate  of  potash,  the  oxahc  ether  is  decomposed, 
yielding  oxalate  of  potash  and  alcohol ;  thus— 

EO.CA    +    KO.HO    -    KO.CA    +  EO.HO. 
But  if  the  oxalic  ether  he  mixed  with  only  half  the  quantity  of  hydrate  of 
potash  required  for  this  decomposition,  there  is  obtained,  instead  of  oxalate 
of  potash,  a  salt,  crystallising  in  pearly  scales,  having  the  composition 
KO  EO .'  2{C„0.i),  the  formation  of  which  is  easily  understood — 
'2(E0.CA)  +  KO.HO  =  KO.EO.2CP3  +  EO.HO. 

OxaUc  ether.  Oxalovinate  of  potash. 

By  decomposing  this  salt  with  hydrofluosilicic  acid  (see  p.  181)  to  remove 
the  potassium  in  an  insoluble  form,  a  new  acid  is  obtaiued,  which  has  the 
composition  HO .  EO  .  SCPg,  and  is  caUed  oxalovirdc  or  oxalethylic_  acid. 
It  might  evidently  be  also  called  the  binoxalate  of  oxide  of  ethyle,  since  it 
corresponds  in  composition  to  the  binoxalate  of  potash,  KO  .  HO  .  '20.^0^ . 

Most  of  the  acids  form,  with  oxide  of  ethyle,  compounds  corresponding 
to  oxahc  ether ;  thus,  by  distilling  acetic  acid  with  alcohol  and  sulphuric 
acid,  and  diluting  the  distilled  hquid  with  water,  acetic  ether  (EO  .  C4H3O3) 
is  separated,  remarkable  for  its  very  fragrant  odour,  which  has  a  share  in 
the  perfume  of  cider,  perry,  vinegar,  and  of  many  wines. 

The  ether  used  in  medicine  under  the  names  of  sweet  spints  of  nitre, 
nitrous  ether,  and  nitric  ether,  is  essentially  a  solution  of  nitrous  ether 
(C4H5O .  ISTOj)  in  alcohol,  and  is  prepared  by  distilling  alcohol  with  nitric 
acid,  when  a  violent  and  complicated  reaction  takes  place,  one  portion  of 
the  alcohol  being  converted  into  aldehyde,  at  the  expense  of  a  part  of  the 
oxygen  of  the  nitric  acid — 

2(C,HA)  +  HO.  NO,  =  C,HA  +  C .H.O .  NO3  +  4H0. 

AlcohoL  Aldehyde.  Nitrous  ether, 

Mtrous  ether  is  a  very  volatile  liquid,  characterised  by  a  powerful  odour 
of  rennet-apples,  and  in  the  pure  state  decomposes  spontaneously,  evolvmg 
nitric  oxide. 

True  nUric  ether  (EO  .  NO5)  may  also  be  obtained  as  a  fragrant,  heavy  oily  liquid 
by  distilling  alcohol  with  nitric  acid,  under  certain  precautions.  *It  is  decomposed 
with  explosion  at  a  temperature  of  about  200°  F.  ,  •       j  j 

By  the  action  of  nascent  hydrogen  upon  nitric  ether,  a  basic  substance  is  Produced, 
which  has  been  named  hydroxylamine,  in  allusion  to  its  remarkable  formula,  I^HgUj, 
which  might  be  regarded  as  ammonia,  NH3,  in  which  one  equivalent  of  hydrogen 
is  replaced  by  hydroxyle,  HO^ — 

CAO.NO,    +    H„    =    0^0 -HO    +    2H0    +  NH3O3. 
Nitric  ether.  Alcohol.  Hydro.xylumine. 

In  order  to  obtain  this  base,  5  parts  of  nitric  ether  are  acted  on  by  12  parts  of  tin 
and  50  parts  of  concentrated  hydrochloric  acid.  When  the  action  is  over,  the  alcohol 
is  expelled  by  heat,  the  tin  precipitated  by  hydrosulphuric  acid,  the  solution  evapo- 
rated to  dryness,  and  the  residue  boiled  with  absolute  alcohol,  which  leaves  some  hydro- 
chlorate  of  ammonia  undissolved.  The  hydrochlorate  of  hydroxylamine  (NH3OJ .  ULl) 
crystallises  in  long  needles  from  the  alcoholic  solution.  From  the  sulphate  of  hydroxy- 
lamine, by  decomposition  with  baryta,  a  solution  of  the  base  itself  may  be  obtained; 
but  pure  hydroxylamine  has  not  been  isolated  from  the  solution,  since  it  has  a  ten- 
dency to  decompose  into  ammonia,  water,  and  nitrogen — 

SNH^Oj    =    NH,    -)-    N,    +  6H0. 
Hydroxylamine. 

The  chloric  ether  used  for  medicinal  purposes  is  not  an  ether  in  the  true  sense  of 


SULPHOVINIC  ACID. 


523 


the  term,  but  a  solution  of  cliloroform  (C^HClg)  in  alcohol.  Chloroform  will  be  more 
particularly  described  hereafter. 

Perchloric  ether  (CJI5O .  ClOj)  is  only  interesting  from  tlie  circumstance  that, 
although  an  oily  liquid,  it  explodes  violently  under  a  sudden  blow. 

Boracic  ether,  which  has  the  remarkable  formula  (3E0  .  BO3),  is  formed  when  ter- 
chloride  of  boron  is  decomposed  by  alcohol — 

BCI3    +    3(E0.1J0)    =    3EO.BO3    +  3HC1 

and  may  also  be  obtained  by  heating  anhydrous  boracic  acid  with  an  excess  of 
alcohol  under  pressure.  It  is  lighter  than  water  (sp.  gr.  0-88),  and  boils  at  246°  F. 
When  heated  with  anhydrous  boracic  acid,  it  is  converted  into  EO  .  BO3 ,  which  is 
decomposed  by  heat  into  3E0  .  BO3  and  EO  .  3BO3,  the  latter  being  a  vitreous  solid. 

When  bichloride  of  silicon  is  decomposed  by  alcohol,  the  compound  2E0  .  SiOj  is 
produced — 

SiCIj    +    2(E0.H0)    =    2EO.Si02    +  2HC1. 

Silicic  etlier. 

This  silicic  ether  is  a  colourless  liquid,  of  sp.  gr.  0-93,  and  distilling  unchanged  at 
330°  F.  It  has  an  ethereal  odour,  and  burns  with  a  brilliant  flame  which  deposits 
silica.  When  poured  upon  the  surface  of  water,  it  gradually  decomposes,  with 
separation  of  gelatinous  hydrated  silica — 

2EO.Si03    +    2H0    =    2(E0.H0)    +    SiO^ . 

Alcohol. 

When  the  ether  is  kept  in  a  moist  atmosphere,  it  deposits  a  hard  transparent  mass 
of  silica,  known  as  artificial  quartz. 

Two  other  silicic  ethers  have  been  obtained,  having  respectively  the  composition 
EO .  SiOg  and  EO  .  2Si02 ;  the  former  liquid,  the  latter  viscous. 

Carbonic  ether  (EO.CO2)  ™ay  be  obtained  by  heating  carbonate  of  silver  with  iodide 
of  ethyle  in  a  sealed  tube  ; 

AgO.COj    +    EI    =    EO.CO2    +  Agl- 

The  compound  2E0 .  COj  has  been  obtained  by  the  action  of  sodium  upon  an 
alcoholic  solution  of  chloropicrine — 

C,Cl3(N0,)  +  4(E0  .  HO)  +  Na^  =  3NaCl  +  NaO  .  NO3  +  2(2EO  .  COJ  +  H,. 
Chloropicrine.  AlcohoL  Suticarbonate  of 

ethyle. 

When  carbonic  acid  is  passed  through  a  solution  of  hydrate  of  potash  in  absolute 
alcohol,  the  carbovinate  of  potash  is  obtained,  in  crystals  having  the  composition 
KO.EO.2CO2,  corresponding  to  bicarbonate  of  potash,  KO.HO.2CO2. 

By  the  action  of  syrupy  phosphoric  acid  upon  alcohol,  the  compound  2H0 .  EO .  POg, 
phosphovinic  acid,  is  formed,  and  by  neutralising  it  with  a  base,  a  phosphovinafe  may 
be  obtained,  composed  after  the  general  formula  2M0  .  EO  .  PO5. 

A  second  acid  is  formed  at  the  same  time,  having  the  formula  HO  .  2E0 .  PO5,  its 
salts  being  MO  .  2E0 .  PO5.  Phosphovinic  acid  is  found  abundantly  in  the  residue 
from  the  preparation  of  iodide  of  ethyle. 

The  true  phosphoric  ether  (3E0 .  PO5)  is  also  said  to  have  been  obtained. 

The  true  sulphuric  ether  (EO .  SO3)  can  only  be  formed  by  passing  thg  vapour  of 
anhydrous  sulphuric  acid  into  ether.  It  is  an  oily  liquid,  heavier  than  water,  and 
decomposed  by  heat,  olefiant  gas  and  alcohol  being  found  amongst  the  products,  for 
C,H,  +  C,H.02  =  2(C,H,0J. 

The  fragrant  liquid  kuovvu  as  heavy  oil  of  wine,  which  is  formed  towards  the  latter 
part  of  the  preparation  of  ether  and  of  olefiant  gas  (page  85),]  appears  to  contain 
the  sulphate  of  oxide  of  etliyle,  together  with  some  liydrocarbous  of  the  olefiant  gas 
series.  When  decomposed  with  a  solution  of  potash,  light  oil  of  wine  rises,  which 
contains  hydrocarbons  of  the  olefiant  gas  series. 

384.  When  ether  or  alcohol  is  added  to  concentrated  sulphuric  acid 
much  heat  is  evolved,  in  consequence  of  the  combination  of  the  oxide  of 
ethyle  with,  sulphuric  acid,  to  form  mlphovinic  or  sulphdhylic  acid 
HO .  EO .  2SO3  or  bisulphate  of  oxide  of  ethyle,  corresponding  in  com- 
position to  the  bisulphate  of  potash,  KG .  HO  .  2SO3,     H'  baryta  be  now 
added  to  the  solution,  the  uncombined  sulphuric  acid  will  bo  precipitated 
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in  the  form  of  siilpliate  of  baryta,  but  the  sulphovinic  acid  will  combine 
with  the  base  to  form  the  sulp'hovinate  of  baryta,  which  may  be  obtained 
by  evaporating  the  solution,  in  rhombic  prisms  which  have  the  formida 
BaO.EO.  2S0.,.  2Aq.,  and  are  easily  soluble  in  water.  By  cautiously 
adding  sulphui'ic  acid  to  the  solution  of  sulphovinate  of  baryta  till  the 
whole'of  the  baryta  is  precipitated  as  sulphate,  and  evaporating  the  filtered 
liquid  in  vacuo,  the  pure  sulphovinic  acid  is  obtained  as  a  sjTupy  liquid 
liable  to  spontaneous  decomposition,  and  readily  decomposed  when  heated 
with  water,  into  alcohol  and  sulphuric  acid — 

HO.EO.2SO3    +    2H0    =    2(H0.S0,)    +  EO.HO. 

Sulphovinic  acid.  AlcolioL 

385.  Vinic'acids  are  not  formed  hy  monobasic  acids. — It  must  be  noticed 
that  although  the  greater  number  of  the  acids  are  capable  of  forming  ethers, 
only  a  few  of  them  produce  vinic  acids.  Indeed,  only  those  acids  form 
vinic  acids  which  there  is  reason  to  believe  are  polybasic,  i.e.,  require  more 
than  one  equivalent  of  a  base  for  the  formation  of  a  neutral  salt  (p.  256). 
Thus,  sulphuric  acid  should  probably  be  represented  by  the  formula 
2II0 .  S.Og  instead  of  by  HO  .  SO3 ;  when  sulphate  of  potash  would  become 
2K0 .  S.Oe,  bisulphate  of  potash  KO .  HO .  8,0^  and  sidphovinic  acid 
EO.  HO .  S.,Oe,  the  tendency  to  form  a  vinic  acid  depending  upon  the 
possibility  of  replacing  a  portion  of  the  water  of  hydration  in  the  acid  by 
oxide  of  ethyle.  In  the  case  of  nitric  acid,  which  is  undoubtedly  a  mono- 
basic acid,  and  does  not  form  acid  salts,  no  vinic  acid  can  be  produced  ; 
the  formula  of  the  acid  being  HO .  NO5,  the  water  of  hydration  must  be 
entirely  or  not  at  all  replaced  by  the  oxide  of  ethyle. 

386.  Theory  of  etherijication. — When  sulphovinic  acid  is  decomposed 
by  heat,  especially  in  the  presence  of  excess  of  alcohol,  a  large  proportion 
of  ether  is  found  among  the  products,  and  this  has  given  rise  to  a  very 
general  opinion  with  chemists,  that  the  production  of  sulphovinic  acid  is 
an  intermediate  stage  in  the  formation  of  ether,  by  the  ordinary  process 
of  distilling  alcohol  with  sulphuric  acid.  At  first  sight  it  woidd  appear 
that  the  etherification  of  alcohol  in  this  process  was  sufficiently  explained 
by  reference  to  the  attraction  of  sulphiuic  acid  for  water,  and  consisted  in 
a  simple  removal  of  water  from  the  alcohol  by  the  acid,  for — 

C,H,0,  -  HO  =  C^O. 

Alcohol.  Ether. 

When  it  is  found,  however,  that  a  continuous  stream  of  alcohol,  flowing 
into  heated  sulphuric  acid  in  a  retort,  is  converted  into  ether  and  water, 
which  is  not  retained  by  the  sulphuric  acid,  but  distils  over  with  the 
ether,  and  that  this  may  go  on  almost  without  limit,  this  explanation  is 
no  longer  tenable. 

Accordingly,  the  formation  of  ether  from  alcohol  by  the  action  of  sul- 
phm-ic  acid  is  generally  referred  to  the  formation  of  sulpho^nnic  acid  as 
soon  as  the  alcohol  and  the  acid  are  brought  in  contact,  and  the  subsequent 
decomposition  of  this  sulphovinic  acid,  in  the  presence  of  water  or  alcohol, 
into  hydrated  sulphuric  acid,  water,  and  ether ;  thus — 

HO.EO.2SO3  +  HO  =  2(HO.S03)  +  EO,  or 

Sulphovinic  acid.  Ether. 

HO.EO.2SO3  +  EO.HO    =  2(H0.S0,)  +  2E0 

Sulphovinic  acid.  Alcohol.  Ether 
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The  hydrated  siilplinvic  acid  thus  set  free  would  of  course  give  rise  to 
the  formation  of  a  fresh  quantity  of  sulphovinic  acid,  which  woidd  be 
decomposed  in  its  turn,  and  so  on  without  limit. 

A  strong  argument  in  favour  of  this  view  is  deducible  from  the  follow- 
ing experiment : — 

When  amylic  alcohol  (the  hydrated  oxide  of  amyle,  Cj^Hj^O .  HO)  is 
mixed  with  concentrated  sulphuric  acid,  it  forms  sulphamylic  acid 
(CjoHjjO .  HO .  2SO3),  corresponding  to  sulphovinic  acid,  and  if  this  be 
heated  in  a  retort,  and  alcohol  be  allowed  to  flow  into  it,  as  in  making 
ether,  the  first  portion  which  distils  over  is  found  to  be  a  true  double 
ether,  composed  of  one  equivalent  of  ethylic,  and  one  equivalent  of  amylic 
ether  (C^H^O .  Cj^H^jO),  the  production  of  which  would  be  represented 
by  the  equation — 

HO .  C,,H„0 .  2SO3  +  C,KO .  HO  =  C,H,0 .  G,,IL,fi  +  2(H0 .  SO3). 

Snlphamylic  acid.  AlcohoL  Amylethylic  etlier. 

On  continuing  the  distillation,  nothing  but  ordinary  ethylic  ether  is 
obtained. 

The  existence  of  these  double  ethers  might  have  been  anticipated  from 
what  has  been  said  with  respect  to  the  double  radicals  (p.  520),  but  the 
mode  of  formation  in  the  above  instance  certainly  affords  support  to  the 
view,  that  ether  results  from  the  decomposition  of  sulphovinic  acid  by 
alcohol  in  the  ordinary  etherifying  process. 

On  the  other  hand,  this  theory  of  etherification  is  shaken  by  the  cir- 
cumstance, that  if  vapour  of  alcohol  be  passed  into  boiling  sulphuric  acid, 
of  sp.  gr.  1-52  (boiling  at  290°),  almost  the  whole  of  the  alcohol  is  resolved 
into  water  and  ether,  wliich  distil  over,  so  that  either  no  sidphovinic  acid 
is  formed,  or  it  is  only  formed  to  be  immediately  decomposed.  If  the  acid 
have  the  sp.  gr.  1-61  (boiling  at  330°),  no  ether  is  obtained,  the  alcohol 
being  resolved  into  defiant  gas  and  water. 

Moreover,  hydrated  phosphoric  acid  cannot  be  substituted  for  the  sul- 
phuric acid  in  the  preparation  of  ether,  notwithstanding  that  it  also  forms 
a  vinic  acid. 

Hence,  many  chemists  are  inclined  to  attribute  to  sidjihuric  acid  a 
specific  action  by  contact  (catalytic  action)  upon  alcohol,  causing  its  resolu- 
tion into  water  and  ether,  or  defiant  gas,  according  to  the  temperature. 

This  view  receives  some  confirmation  from  the  behaviour  of  sulphuric 
acid  towards  cellulose  and  certain  other  substances,  in  which  it  causes 
important  transformations,  without  itself  appearing  to  take  part  in  the 
change. 

In  connection  with  this  subject,  it  is  remarkably  interesting  to  observe, 
that  alcohol  may  actually  be  reproduced  from  defiant  gas  and  water  under 
the  infiucnce  of  sulphuric  acid.  If  concentrated  sidpliiu'ic  acid  be  vio- 
lently agitated  in  a  vessel  containing  olefiant  gas,  the  latter  is  absorbed, 
and  on  diluting  the  acid  with  water  and  distilling,  a  quantity  of  alcohol 
is  obtained. 

This  observation  of  modern  date  is  in  favour  of  the  opinion,  long  siirce 
maintained  by  many  chemists,  that  olefiant  gas,  and  tlie  hydrocarbons 
homologous  with  it,  should  really  be  regarded  as  the  radicals  of  the  various 
alcohols  and  their  derivatives.  Upon  this  view,  ether  would  become  the 
hydrate  of  ethylene  (C4H4.  HO),  alcohol  would  be  the  U-hydrate  of  cfhn 
Zene  (C,H,.2H0),  &c.  ^' 
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387.  But  there  are  some  other  facts  which  conduct  us  to  another  opinion 
with  respect  to  the  constitution  of  ether  and  alcohol. 

When  potassium  or  sodium  is  thrown  into  absolute  alcohol,  the  metal 
is  dissolved  with  disengagement  of  heat  and  rapid  evolution  of  hydrogen, 
and  a  crystalline  compound  is  formed,  known  as  j^otasdum-alcohol  {ethy- 
late  of  potash)  or  sodium-alcohol  {efJnjlate  of  soda),  and  containing  an 
equivalent  of  the  metal  in  the  place  of  an  equivalent  of  hydrogen  ;  the 
action  of  potassium  upon  alcohol  would  he  thus  represented — 

C,H,O.HO    +    K    =    C.H^O.KO    +  H. 

Alcohol.  Potassium-alcohol. 

Other  alcohols  behave  in  a  similar  manner.  No  one  can  fail  to  be  struck 
with  the  similarity  which  exists  between  the  action  of  potassium  upon 
alcohol  and  upon  water,  and  chemists  have  naturally  endeavoured  to  refer 
both  actions  to  a  common  type.  This  may  be  done  without  difficulty,  if 
it  be  borne  in  mind  that  the  actual  result  of  the  decomposition  of  water 
by  potassium  is  not  potash,  KO,  but  hydrate  of  potash,  KO  .  HO,  which 
may  with  gxeat  propriety  be  regarded  as  a  double  equivalent  of  water  in 
which  haK  the  hydrogen  has  been  displaced  by  potassium,  KHO^. 

The  decomposition  of  water  by  potassium  would  then  be  represented 
by  the  equation — 

l]0,    +    K    =    Ijo,    +  H. 

Alcohol  may  be  represented  with  equal  fitness,  as  water  ia  which  half 
the  hydrogen  is  replaced  by  ethyle  (C^Hj),  or  EHO^,  and  the  action  of 
potassium  upon  it  may  be  thus  expressed — 

|}0,    +  H. 

Potassiimi- 
alcohoL 

In  a  similar  manner  sodium-alcohol  would  be  formed.* 

When  sodium-alcohol  is  heated  in  a  sealed  tube  with  the  iodide  of  one 
of  the  alcohol-radicals,  the  sodium  combines  with  the  iodiue,  whilst  the 
alcohol-radical  enters  into  the  place  of  the  sodium,  and  a  double  ether  is 
formed. 

Thus,  if  iodide  of  methyle  (C2H3I)  be  decomposed  by  sodium-alcohol— 
CAI    +    ^JO,    =     Nal     +  ^^0, 

Sodium-alcohol.  Methyl-elhylic 

ether. 

In  a  similar  manner  amyl-ethylic  ether,  p  -rr   >  O^,  would  be  produced. 

Again,  if  iodide  of  ethyle  be  decomposed  by  sodium-alcohol,  common 
ether  is  obtaiaed,  and  the  action  must  in  consistency  be  similarly  ex- 
plaiaed — 

CAT    .    C,H,|o^    ^  ^  C.H,|o^ 

Sodium-alcohol.  Common  ether. 

*  Thallhim-alcohol,  CjHjTlO^,  has  also  been  obtained  as  a  colourless  liquid  remarkable 
for  its  high  specific  gi-avity  (3-55)  and  great  refractive  and  dispersive  action  upon  light. 
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From  tliis  it  woiild  appear  tliat  tlie  formula  of  common  ether  should  be 
doubled,  and  this  would  not  only  be  consistent  with  the  duplication  of 
the  formula  of  ethyle  (p.  520),  but  would  destroy  an  existmg  anomaly, 
by  making  the  equivalent  of  ether  in  the  state  of  vapour  to  occupy  four 
volumes,  whereas  the  formula  C4H5O  corresponds  only  to  two  volumes  of 
vapour. 

Alcohol  and  ether  would  then  be  constituted  upon  the  same  type,  that 
of  a  double  equivalent  of  water,  and  would  still  bear  to  each  other  the 
same  relation  as  exists  between  hydrate  of  potash  and  potash;  thus — 

Potassium  series.  Ethyle  series. 

Potassium,     .       .       K  C.H^  Ethyle. 

Hydrate  of  Potash,        ^|o,        ^'h'}°^  Alcohol. 
Potash,         .       .       I  jo,  c'h 

The  molecular  formulce  are  more  convenient  for  exhibiting  the  relation  between 
water  and  alcohol,  and  their  derivatives.  Thus  if  a  molecule  {see  p.  52)  or  two 
atoms  (or  volumes)  of  hydrogen  be  taken  as  the  type,  the  derivation  of  these  com- 
pounds from  it  may  be  easily  traced. 

(Atomic  weights  ;  6  =  12,  H  =  1,  O  =  16. 
Atomic  volumes ;  €  =  1  vol.  (?),  H  =  1  vol.,  0  =  1  vol.) 

Molecular  formulce  (2  vols.) 


Hydrogen,  HH 
"Water,  HH  .  O 

Hydrate  of  potash,  KHO 


Ethyle,  e^H^.^H, 

Ether,  e^H^.e^H^.e 

Ethylate  of  potash,        K  .  G^H^ .  O 

Alcohol,  H  .e^H^.e 

Methyl-ethylic  ether,  GH^  .  e^H^ .  O 
Ethyl-amyle,  e,H,.e,H„ 

388.  Compounds  have  been  obtained  corresponding  to  alcohol  and  ether,  in  which 
the  place  of  the  oxygen  is  occupied  by  sulphur,  and  which  bear  the  same  relation  to 
hydrosulphuric  acid  as  alcohol  and  ether  bear  to  water. 

Hydrosulphuric  acid,      -g  \ 

Hydrosulphuric  ether,  C.H.  )  „        oiT.-jrx-  „ 
(sulphide  of  ethyle),  C^H^  /  Sulphide  of  potassium,  '  ° 


C  H  ]  "K 
Mercaptan,  J  Hydrosulphate  of  potassium,  ^ 


All  these  compounds  are  distinguished  for  their  powerful  odour  of  garlic.  This 
is  especially  the  case  with  mercaptan,  which  is  notoriously  one  of  the  most  evil- 
smelling  chemical  compounds.  It  is  prepared  by  distilling  solution  of  hydrosulphate 
of  potassium  (obtained  by  saturating  potash  with  hydrosulphuric  acid)  with  snlpho- 
vinate of  potash,  or  better,  of  lime — 

KO  .  C,H,0  .  2SO3    +    I  )  S,    =    '^^^^  j  S,    +    2(K0  .  SO,)  . 

Snlphovinate  of  potash.  Mercaptan. 

Mercaptan  is  a  light,  very  volatile  and  inflammable  liquid,  sparingly  soluble  in 
water.  That  it  is  constituted  after  the  type  of  hydrosulphuric  acid  is  shown  by  its 
action  upon  metals  and  their  oxides.  Potassium  acts  upon  it  precisely  as  it  does 
upon  alcohol — 

%^}s,  -^  K  =  c.f.js,  H 

Mercaptan  Mcrcaptitlo  of  potassium 

or  potassluni-nicrcaptan. 
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S,    +  HgO 


+  HO 


Its  name  was  bestowed  in  allusion  to  its  action  upon  tlic  oxide  of  mercury,  when 
it  forms  a  white  crystalliuo  inodorous  compound,  insoluble  in  water  but  soluble  in 
alcohol — 

-  Hgj 
Mercaptan.  Mercaptide  of  mercury. 

389.  Hydrocyanic  ether  (O^Hj .  C^N  =  ECy),  or  cyanide  of  ethyle,  ia  obtained  by 
distilling  sulphovinate  of  potash  with  cyanide  of  potassium — 

KCy    =    EGy    +    2(K0 .  SO3)  . 
Hydrocyanic  ether. 


KO  .  EO  .  2SO3  + 
Sulphovinate  of  potash. 


The  cyanide  of  ethyle  is  a  volatile  poisonous  liquid,  smelling  strongly  of  garlic. 
Its  most  interesting  feature  is,  that  when  boiled  with  a  solution  of  potash,  it  furnishes 
propylate  of  potash,  whilst  ammonia  is  evolved — 


C4H5.C2N  +  KO.HO  + 
Hydrocyanic  ether. 


2H0    =  KO 

Propylate  of  potash. 


CAO3 


In  a  similar  manner,  the  cyanides  of  all  the  alcohol-radicals,  when  boiled  with 
solution  of  potash,  yield  the  potash-salt  of  the  acid  which  stands  next  in  the 
homologoiis  series.  Thus  cyanide  of  methyle  (CjHg .  CgN)  yields  the  potash-salt  of 
acetic  acid  belonging  to  the  ethyle  series ;  cyanide  of  amyle  (CjgHjj .  CjN)  yields 
caproate  of  potash  belonging  to  the  caproyle  series,  and  so  on.  This  mode  of  decom- 
position argues  strongly  that  hydrogen  is  really  the  type  of  these  radicals,  for  when 
hydrocyanic  acid  (HO^N)  is  boiled  with  solution  of  potash,  it  yields  the  potash-salt 
of  formic  acid,  the  lowest  member  of  the  homologous  series — 


HC,N  + 
Hydrocyanic  acid. 


KO . HO    +  2H0 


:    KO .  CjHOj 
FoiTTiiate  of  potash. 


+  NH3 


Thus,  leaving  the  potash  out  of  consideration ; 

4H0  = 


H .  C,N  + 

Cyanide  of  hydrogen. 


C.H^.C.N 
Cyanide  of  methyle. 


+    4H0  = 


Cyanide  of  ethyle. 


C,H, 


+    4H0  = 


CjHjO^ 
Foniiic  acid. 

Acetic  acid. 

CoH„0, 
Propylic  acid. 


-1-  NH„ 


+  NH, 


+  NH, 


A.  plausible  explanation  of  these  changes  may  be  given,  if  the  hydrocyanic  acid 
(HCjN)  be  represented  as  ammonia  (NHj),  in  which  two  equivalents  of  hydrogen 
are  replaced  by  two  equivalents  of  carbon  (just  as  one  equivalent  of  hydrogen  in 
water  is  replaced  by  one  equivalent  of  carbon  to  form  carbonic  oxide). 


Hydrocyanic  acid. 


2 

Water. 


Formic  add. 


H 

Ammonia. 


Cyanide  of  methyle. 


(C.H.) 


1  Q 


H 
H, 


(C.HJH  j        ^  j 
Acetic  acid. 


Cyanide  of  ethyle. 


Propylic  acid. 


The  cyanides  of  the  alcohol  radicals  will  be  again  referred  to  under  their  other 
designation  of  nilrilcs. 


ARSENICAL  ALCOHOL  OR  ALCARSIN. 
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KAKODYLE  SEEIES— OEGANO-METALLIC  BODIES. 

390.  One  of  the  most  pleasing  results  of  the  progress  of  investigation 
in  chemistry,  is  the  discovery  of  the  true  position  among  classified  com- 
pounds wliich  is  to  be  assigned  to  some  substance  hitherto  regarded  as 
anomalous,  and  as  destroying  by  its  presence  the  symmetry  and  complete- 
ness of  an  otherwise  perfect  classification.  Such  was  the  case,  until 
within  the  last  few  years,  with  Icaliodyle,  and  the  bodies  derived  from  it. 
Discovered  long  before  the  science  of  organic  chemistry  was  prepared  to 
receive  it,  it  taxed  the  ingenuity  of  chemists  to  find  a  place  for  it  in  their 
arrangement  of  organic  compoimds,  and  always  occupied  an  anomalous 
and  isolated  position.  Modern  research  has  now  brought  to  light  a  whole 
series  of  compounds,  which  would  not  have  been  complete  without  kako- 
dyle,  and  this  hitherto  incomprehensible  substance  has  at  length  been 
assigned  its  proper  place. 

When  a  mixture  of  equal  weights  of  arsenious  acid  and  dry  acetate  of 
potash  is  submitted  to  distillation,  a  heavy  poisonous  liquid  is  obtained, 
which  has  a  most  disgusting  odour  of  garlic,  and  takes  fii-e  spontaneously 
when  exposed  to  the  air.  This  liquid,  which  has  long  been  known  under  the 
names  of  alcarsin  (arsenical  alcohol),  and  Cadet's  fuming  liquor,  has  the 
composition  C^HgAsO,  and  its  production  may  be  represented  (if  the 
various  secondary  products  be  neglected)  by  the  equation — 

2(KO.C,H303)   +  ASO3  =^  C,H3AsO   +   2(K0.C0,)   +   2C0, . 

Acetate  of  potash.  Alcarsin. 

If  acetic  acid  be  represented  by  the  formula  derived  above  (p.  528)  from  its 
formation  in  the  action  of  water  upon  cyanide  of  methyle,  the  formation  of  alcarsin 
would  be  easily  explained.    Acetate  of  potash  would  then  be  represented  by  the 

formula  (^2-^3)^  |  0^,  and  its  action  upon  arsenious  acid  might  be  thus  ex- 
pressed— 

As{0    +   2((WK|o^)  =  As{O^H^^^  4-  2(K0.C0,)  +  2C0,  . 
Arsenious  acid.        Acetate  of  potash.  Alcarsin. 

Alcarsin  has  the  properties  of  a  base ;  it  is  capable  of  combining  with 
the  oxygen  acids  to  form  crystallisable  salts,  and  in  contact  with  the 
hydrogen  acids  it  furnishes  water,  together  with  a  salt  of  the  radical  of  the 
acid.    Thus,  with  hydrochloric  acid,  we  have — 

C4H,AsO   +   HCl  =   C,H,AsCl   +  HO. 

Alcarsin.  CMoride. 

The  best  method  of  obtaining  this  chloride  consists  in  dissolving  the  alcarsin 
in  alcohol,  and  adding  an  alcoholic  solution  of  chloride  of  mercury,  when 
a  white  crystalline  solid  is  obtained,  composed  of  C4H0ASO  .  HgCl ;  and 
on  distilling  this  with  hydrochloric  acid  (out  of  contact  with  air),  another 
spontaneously  inflammable  Liquid  is  obtained,  of  insupportable  odour,  and 
composed  of  C^HoAsCl.  By  distilling  this  chloride  with  zinc  in  an  atmo- 
sphere of  carbonic  acid  gas,  a  third  unbearable  liquid  is  procured,  which 
has  the  formula  C^HpAs,"'  and  has  been  named  kakodyle,  in  allusion  to 

*  This  formula  represents  only  two  volumes  of  vapour  for  cacli  equivalent  Strictlv 
speaking,  therefore,  it  should  be  doubled  (see  p.  520.)  " 
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its  intolerable  odour  {KaKo,,  had).  This  substance  is  obviously  the  radical 
from  wliicli  the  compounds  just  mentioned  are  immediately  derived;  thus— 

Kakodyle,  C,H,As  =  Kd 
Alcarsin,  or  oxide  of  kakodyle,  C.HgAsO   =  KdO 
Chloride  of  kakodyle,  C.H^AsCl  =  KdCl. 
'    The  remarkable  properties  of  kakodyle  leave  no  doubt  as  to  its  being 
reallv  the  radical  of  these  compounds,  in  the  same  sense  in  which  potas- 
sium is  the  radical  of  the  oxide  and  chloride  of  that  metal,  for  kakodyle 
enters  into  direct  combination  with  chlorine  and  with  oxygen,  its  attraction 
for  the  latter  being  so  energetic  as  to  cause  its  spontaneous  inflammation 

in  the  air.  .      .        .     m  t  ^■^ 

The  discovery  of  this  radical,  comportmg  itself  m  all  respects  lilte  a 
metal  was  of  the  utmost  importance  in  its  effect  upon  organic  chemistry, 
affordino-  very  strong  ground  for  belief  in  the  existence  of  other  quasi- 
metallic°radicals,  such  as  ethyle,  methyle,  &c.,  which  have  only  recently 
been  isolated.  A  similar  service  had  been  previously  rendered  to  the 
science  by  the  discovery  of  the  compound  radical  cyanogen  (C,N)  belong- 
ing to  the  electro-negative  class  opposed  to  the  metals,  and  for  a  long  time 
these  two  remained  the  only  compound  radicals  wluch  had  been  obtamed 

in  a  separate  form.  •  n  • 

When  kakodyle  is  brought  gradually  in  contact  with  oxygen,  it  is  tirst 
converted  into  the  oxide  of  kakodyle  (CA^sO),  and  subsequently  mto 
Imkodylic  add  (HO .  C AASO3  =  HO.KdOJ,  which  forms  prismatic 
crystals,  unaltered  by  air,  and  destitute  of  poisonous  character..    \N  Jien 
treated  with  hydrochloric  or  hydrosulphiuic  acid,  it  yields  terclUonde 
(KdCl,)  and  tersulpUde  of  kaJwdyle  (KdS^).  ^,777 
The  most  poisonous  member  of  this  series  is  the  cyanide  of  kakodyle 
(C^H^As .  C.,N  =  KdCy),  which  is  easily  obtained  in  crystals  by  decompos- 
ing cyanide  of  mercury  in  solution  with  oxide  of  kakodyle— 
HgCy    +    KdO    =    HgO    +    KdCy  . 
A  very  minute  quantity  of  this  substance  diffused  in  vapour  through  the 
ab  has  the  most  dangerous  effect  upon  those  inhaling  it.  ■,■ 

The  following  are  the  most  important  members  of  the  kakodyle  series 
Kakodyle,  C,H,As  =  Kd 

Oxide  of  kakodyle,  C^H.AsO  =  KdO 

Sulphate  of  kakodyle,      C,H„AsO .  SO,  =  KdO .  SO3 
Sulphide  of  kakodyle,      C^H^AsS  =  KdS 
Chloride  of  kakodyle,       G,H„AsGl  =  KdCl 
Kakodylic  acid,  HO  .  C.H^AsO,  =  HO  .  KdO, 

Kakodylate  6f  silver,       AgO .  C.H.AsOj  =  AgO .  KdO, 
Tersulphide  of  kakodyle,  C  JijAsS,  =  KdS, 
Terchloride  of  kakodyle,  C.H.AsClj  =  KdCl, 
391.  Organo-metallic  compounds.— l:\x&  only  way  of  referring  kakodyle 
to  any  known  series  was  to  regard  it  as  an  association  of  arsenic  mtii  t^  o 
equivalents  of  methyle  (C.,H,),  and  this  supposition  necessitated  t  e 
existence  of  other  compoimds  of  a  similar  nature,  formed  that  is,  bj  uie 
association  of  an  inorganic  element  with  a  quasi-metallic  radical,  decora 
ingly,  witliin  the  last  few  years,  it  has  been  discovered  that  by  neaiing 
the  iodides  of  methyle,  ethyle,  and  amyle,  with  zinc,  compounds  ot  tnose 
radicals  with  the  metal  can  be  obtained,  and  these  compounds,  like  KaKo- 
dyle,  are  distinguished  by  their  remarkable  attraction  for  oxygen. 
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Nor  are  arsenic  and  zinc  the  only  elements  -with.  wliicK  these  radicals 
can  be  associated ;  boron,  potassium,  sodium,  magnesium,  aluminum, 
cadmium,  tin,  antimony,  bismuth,  lead,  and  mercuiy  may  be  made  to 
furnish  similar  compounds,  and  the  principle  is  now  fully  established  that 
the  alcohol-radicals  can  enter  into  combination  with  metals  to  form  com- 
pounds which  are,  in  some  cases,  capable  of  direct  union  with  oxygen  and 
other  electro-negative  elements,  for  which  they  exhibit  a  greater  attraction 
than  the  metals  themselves. 

The  members  of  this  class  of  organo-metalUc  bodies  which  have  been 
the  subjects  of  some  of  the  most  important  researches  deserve  special 
attention. 

Zinc-ethyle  is  prepared  by  the  action  of  zinc  upon  iodide  of  ethyle — 


Zu^  =  C,H,Zn  +  Znl. 


800  grains  of  bright  freshly  granulated  and  thoroughly  dried  zinc  are  placed  in  a 
haU-pmt  flask  (E,  fig.  276},  which  is  connected  with  the  carbonic  acid  apparatus  (A), 


Pig.  276. — Preparation  of  zinc-ethyle.  . 

Irom  which  the  gas  is  passed  through  strong  sulphuric  acid  in  the  bottles  (Band  C) 
where  it  is  thoroughly  dried.  A  second  perforation  in  the  cork  of  the  flask  (E)  allows 
the  passage  of  the  tube  /,  which  passes  through  the  two  corks  in  the  wide  tube  F,  and 
flips  into  a  little  mercury  in  D.    A  stream  of  cold  water  is  kept  running  through 
tlie  wide  tube  (F),  being  conveyed  by  the  caoutchouc  tubes  1 1.    When  the  whole 
apparatus  has  been  filled  with  carbonic  acid,  the  cork  of  the  flask  (E)  is  removed,  and 
40Q  grains  of  iodide  of  ethyle  (perfectly  free  from  moisture)  are  introduced,  the'cork 
being  then  replaced.    The  carbonic  acid  is  again  passed  for  a  short  time,  and  then 
cut  off  by  closing  the  nipper-tap  (T)  upon  a  caoutchouc  connector,  when  the  gas 
escapes  through  the  tube(G),  wliich  dips  into  mercury.  A  gentle  heat  is  then  applied 
by  a  water-bath  to  the  flask  (E)  till  tlie  iodide  of  ethyle  boils  briskly,  the  vapour 
being  condensed  in  the  tube/,  and  running  back  into  the  flask.    In  about  five  hours 
the  conversion  is  .complete,  and  the  iodide  ceases  to  distil.    The  nipper-tap  (T)  is 
again  opened  and  a  slow  current  of  carbonic  acid  allowed  to  pass  ;  the  position  of 
the  condenser  (F)  is  reversed  (fig.  277),  and  the  tube /.is  connected,  by  tlie  cork  K 
with  tlie  short  test-tube  O ;  the  longer  limb  of  a  very  narrow  syphon  (I)  of  stout 
tube  passes  through  a  second  perforation  in  the  cork  (K),  tlio  shorter  limb  passinL' 
into  the  very  short  test-tube  (P),  the  cork  of  which  is  also  furnished  with  the  short 
piece  of  moderately  wide  tube  (L).    For  receiving  and  preserving  tlie  zinc-ethvle  >' 
number  of  small  tubes  are  prepared  of  the  form  shown  in  fig.  278     The  loii"-  nni 
neck  (R)  of  one  of  these  is  passed  down  the  short  tube  (L)  to  the  bottom  of  V  Z 
other  end  (N   of  the  tube  being  connected  with  an  apparatus  for  passing  drv'car 
bon.c  acid.    The  whole  of  the  apparatus  being  filled  with  this  gas,  the  nipper  lapis 
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closed,  and  the  flask  (E)  heated  on  a  sand-bath  bo  that  the  zinc-ethyle  may  distil 
over,  a  slow  stream  of  carbonic  acid  being  constantly  passed  into  P,  the  excess 


Fig.  277.— Collection  of  zinc-ethyle. 

escaping  through  L.    When  enough  zinc-ethyle  has  collected  in  the  tube  (0)  a 
blowpipe  flame  is  applied  to  the  narrow  tube  (N),  which  is  drawn  off  and  sealed  ; 
^  ^  the  syphon  tube  (I)  is  then  gra- 

tKT    ,^     dually  pushed  down,  so  that  its 
longer  limb  maybesufliciently  im- 
mersed in  the  zinc-ethyle,  and  the 
nipper-tap  (T,  fig.  276)  is  opened, 
X,.    278  when  the  pressure  of  the  carbonic 

acid  forces  over  a  part  of  the  zinc- 
ethyle  into  the  tube  P.  By  heating  the  tube  (M)  with  a  spirit-lamp,  so  as  to  expel 
part  of  the  carbonic  acid,  and  allowing  it  to  cool,  it  will  become  partly  filled  with 
zinc-ethyle,  and  may  be  withdrawn  and  quickly  sealed  by  the  blowpipe.  Ihe 
spontaneous  inflammability  of  the  zinc-ethyle,  and  its  easy  decomposition  by  water, 
render  great  care  necessary  in  its  preparation.  If  an  alloy  of  zmc  with  one-fourth 
its  weight  of  sodium  be  employed,  the  conversion  may  be  efiected  m  an  hour. 

If  any  moisture  were  present  in  the  materials  employed,  it  would 
decompose  a  corresponding  quantity  of  the  zinc-ethyle,  yielding  oxide  of 
zinc  and  gaseous  hydride  of  ethyle — 

C.H^.Zn    -f    HO    =    C,H,-H    +    ZnO  . 

Zinc-ethyle.  Hydride  of  etliyle. 

Zinc-ethyle  is  a  colourless  Hquid  of  powerful  odour,  heavier  than  water 
(sp.  gr.  1-18),  and  boiling  at  244°  F.  In  contact  with  atmospheric  au", 
it  takes  fire  spontaneously,  burning  with  a  dazzling  greenish-blue  flame, 
which  emits  white  clouds  of  oxide  of  zinc.  If  a  piece  of  porcelain  be 
depressed  upon  the  flame,  a  deposit  of  metallic  zinc  is  formed,  sui-romided 
by  a  ring  of  oxide,  which  is  yellow  while  hot,  and  white  on  coohng.  _ 

When  oxygen  is  allowed  to  act  very  gi-aduaUy  upon  zmc-ethyle,  zmc- 
alcohol  (or  ethylate  of  zinc)  is  formed,  corresponding  to  potassium  and 
sodium-alcohol  (ethylates  of  potash  and  soda),  wHch  have  been  already 
described — 

CA.Zn    +    0,    =  ZnO.CAO- 


Zinc-alcohol. 


Under  the  gradual  action  of  other  electro-negative  elements,  zinc-ethyle 
is  decomposed  into  compounds  of  zinc  and  ethyle  with  the  particular 
element  employed ;  CjII,  .Zn  -t-  I„  =  C4H5I  +  Znl. 

Zinc-methyle  (CH, .  Zn)  is  prepared  by  the  action  of  zinc  upon  the  iodide 
of  methyle  (C.,H,I),  and  resembles  zinc-ethyle  in  its  general  character  ;  it 
is,  however,  far  more  volatile  and  more  energetic  in  its  reactions  than 
zinc-ethyle,  and  is  decomposed  with  inflammation  and  explosion  when 
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brought  iu  contact  with  water,  yielding  oxide  of  zinc  and  marsh-gas 
(liydride  of  methylo). 

aH3.Zn  HO    =    C,H,.H    +  ZnO. 

Hydride  of  mcthyle. 

Zine-amyle  (Cj„Hjj .  Zn)  is  not  so  violent  in  its  reactions  ;  it  does  not 
inilame  when  exposed  to  air,  but  absorbs  oxygen  very  rapidly. 

Potassiam-ethyle  and  sodmm-etliyle  (C^H^ .  K  and  C^H^ .  jN'a)  have  as 
yet  been  obtained  only  in  combination  with  zinc-ethyle  by  heating  this 
liquid  iu  a  sealed  tube  with  potassium  or  sodium,  when  metallic  zinc  is 
separated,  and  the  allcali-metal  takes  its  place — 

3(C,H,.Zn)    +   Na   =   2(C,H,.  Zn),  C,H,.  Na   +   Zn . 

The  double  compound  of  sodium-ethyle  with  zinc-ethyle  is  a  crystalline 
solid  which  decomposes  water  with  great  violence,  forming  soda,  oxide  of 
zinc,  and  hydride  of  ethyle.*  Its  behaviour  with  carbonic  acid  is  very 
interesting  and  important. 

When  the  crystalline  compound  of  sodium-ethyle  with  zinc-ethyle  is 
introduced  into  a  bulb-tube  through  which  dry  carbonic  acid  gas  is  passed, 
much  heat  is  evolved,  zinc-ethyle  distils  off,  and  a  white  solid  is  left  in 
the  bulb,  which  is  found  to  consist  of  the  propylate  of  soda,  NaO  .  CeH.Og, 
formed  according  to  the  equation— 

C.HgNa    +    2C0,    =  mO.C.H.Oa. 

This  reaction  is  one  of  very  great  importance,  representing  the  first  suc- 
cessful attempt  to  produce  directly  one  of  the  organic  acids  from  carbonic 
acid,  and  indicating  a  general  method  for  the  formation  of  the  other  acids 
of  the  same  series. 

Thus,  if  sodium-methyle  be  treated  in  the  same  way,  it  yields  acetate  of 
soda — 

C^HaNa    +    2C0,    =  NaO.C.HjOg. 

By  heating  iodide  of  methyle  in  a  sealed  tube  with  a  compound  of 
arsenic  and  sodimn,  kakodyle  or  arsenio-dimethyle  is  obtained — 

2(CjH3.I)     +    AsNa^    =    As(C,H3)a    +  2NaI 

Kakodyle. 

and  thus  kakodyle  finds  its  place  among  the  organo-metallic  bodies,  the 
existence  of  which  it  foreshadowed. 

When  iodide  of  ethyle  is  treated  in  a  similar  manner,  arsenio-diethyle, 
As(C^H5)2,  or  ethyle-kakodyle,  is  obtained. 

392.  Arsenio-trimetliyle,  or  trimetliylarsine,  As(C2H.,)3,  and  arsenio- 
triethyle  or  triethylarsine,  As(C4H5)3,  may  be  obtained  either  by  acting 
upon  the  iodides  of  methyle  and  ethyle  Avith  a  comjDound  of  arsenic  with 
three  equivalents  of  sodium — 

3(C,H3.I)     +    AsNa3    =    As(C,H3)3    -f  3NaI 

or  by  decomposing   zinc-methylc   or   zinc-ethyle  with  terchloride  of 
arsenic — 

3(C,H,Zn)    -f    ASCI3    =    As(C,H,)3    4-  3ZnCl.- 
Arsenio-triethyle  has  a  kakodylic  odour,  but  does  not  take  fire  when  ex- 
posed to  air,  although  it  oxidises  with  great  rajjidity.    Like  kakodyle,  it 

*  Strange  to  say,  when  tliis  compound  of  aodium-ethyle  witli  ziiic-ethvle  is  hoatpd  it 
leaves  metallic  sodium  and  zinc.  ^  ' 
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is  capable  of  producing  a  base  by  combination  with  oxygen,  which  has 
the  formula  As(C,H.),0,,  and  is  called  arsenic  triethoxide.  Similar  com- 
pounds have  been  obtained  in  which  the  oxygen  is  replaced  by  chlorme, 

iodine,  and  sulphur.  ,   ,   ,       ,  j  j 

Other  arsenical  compounds  of  ethyle  and  methyle  have  been  produced, 
containincr  four  equivalents  of  the  alcohol-radical  and  one  equivalent  of 
an  electro°negative  element,  such  as  oxygen  or  iodine,  but  the  oxide  of 
tetrethyl-arsonium,  As(C,H,)P,  and  its  congeners  are  really  substances 
belonging  to  the  ammonium  family,  and  they  wiU  be  agam  aUudedto  eise- 

^^SUbethyle,  8h{CJl,),,  or  stibiotriethyle,  and  stibiotrimethyle,  Sb(C.,H3),, 
are  obtained  by  processes  similar  to  those  which  furnish  the  correspondmg 
compounds  of  arsenic,  which  they  much  resemble. 

Stibethyle  has  a  powerful  odour  of  onions,  and  takes  fire  spontaneously 
in  air.  It  combines  with  two  equivalents  of  oxygen,  chlorine,  iodme,  fmd 
sulphur,  with  great  energy.  So  powerful  is  its  attraction  for  chlorine,  that 
it  displaces  hydrogen  from  concentrated  hydrochloric  acid — 

Sb(C,Hj3    +    2HC1    =    Sb(C,H,)3.Cl,    +    H, . 

Bichloride  of  stibethyle. 

The  Unoxide  of  stibethyle  is  a  basic  substance.  The  iodide  of  tetre- 
thylstibonium,  Sb(C,H,),I,  belongs  to  the  ammonium  famHy. 

Mercuric  metliide  (Hg  .  C,H,)  and  etUde  (Hg .  C,H,)  are  formed  by  the 
action  of  zinc-methyle  and  zmc-ethyle  upon  chloride  of  mercury— 

Zn.C.H,    +    HgCl    =    ZnCl    +  Hg.C.H,. 
The  methyle  compound  is  the  heaviest  liquid  (except  metallic  mercuiy) 
which  is  known  ;  its  specific  gravity  is  3-07,  so  that  glass  floats  upon  its 

Aluminum,  etliide,  A1^{G^IL,), ,  is  obtained  by  decomposing  mercuric 
ethide  with  alummum,  3HgE  -t-  Al,  =  Hg,  +  Al^E,.  It  is  a  colour- 
less liquid,  spontaneously  inflammable,  and  decomposed  by  water,  ihe 
corresponding  methyle  compound,  A1,(C„H3)3,  soUdifies  a  little  above  32  F. 
into  a  transparent  crystalline  mass. 

Triborethyle  B{CiS,).„  corresponding  in  composition  to  boracic  acid, 
BO.,  has  been  obtained  by  the  action  of  zinc-ethyle  upon  boracic  ether 
(3C,H,O.B03)- 

3EO.BO3    +    3ZnE    -    BE3    +  3(ZnO.EO). 

Boracic  ether.  Zinc-ethyle.      Tiiborethyle.         Ethylate  of  zint 

It  distils  over  as  a  very  light  (sp.  gr.  0-69)  colourless  liquid  which  has 
an  irritating  odour,  and  is  insoluble  in  water.  It  inflames  spontaneously 
in  air,  burning  with  a  beautiful  green  flame,  and  explodes  when  brought 
in  contact  with  pure  oxygen.  By  gradual  oxidation  it  is  converted  mto 
the  compound  BE3O,,  which  may  be  distiUed  in  vacuo  A\athout  decom- 
position. When  tliis  liquid  is  mixed  Avith  water  it  is  decomposed,  yield- 
ing alcohol,  and  a  volatile  white  crystalline  body,  BH^EO^ — 

BE.A    +    4H0    =    BH,EO,    +  2(E0.H0). 

Alcohol. 

This  substance  has  an  agreeable  odom-,  and  a  most  intensely  sweet 
taste ;  it  is  very  soluble  in  water,  alcohol,  and  ether. 

Bone  methide,  B(C„H3)„  is  formed  by  the  action  of  a  strong  ethereal 
solution  of  zinc-methyle  upon  boracic  ether — 

3E0 .  BO3    +     3ZnMe    =    BMe3    +     3ZnO .  EO  . 

ISoracic  etlicr.  Zinc-mctliyle.        Boric  inethlde.        Etliylntc  of  zinc. 
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Its  formation  in  this  manner  proves  that  triborcthylc  is  not  a  result  of 
the  mere  deoxidation  of  boracic  ether,  hut  is  produced  by  the  substitu- 
tion of  three  equivalents  of  ethyle  for  the  oxygen  in  the  boracic  acid. 

Boric  methide  is  a  heavy  (sp.  gr.  1-93)  colourless  gas,  having  an  intoler- 
ftbly  pungent  tear-exciting  odoui",  and  capable  of  liquefaction  under  a 
pressure  of  tlu-ee  atmospheres  at  50°  F.  Wlien  it  issues  very  slowly  into 
the  air  from  a  tube,  it  undergoes  partial  oxidation,  and  produces  a  lam- 
bent blue  flame,  invisible  in  daylight,  and  incapable  of  burning  the 
fingers;  but  when  it  comes  rapidly  into  contact  with  air,  it  bums  with  a 
bright  green  hot  flame,  remarkable  for  the  immense  quantity  of  large 
flaJves  of  carbon  Avliich  it  disperses  through  the  air,  apparently  because 
the  boracic  acid  produced  envelopes  them  and  prevents  their  combustion. 
Boric  methide  combines  with  an  equal  volume  of  ammonia  gas,  producing 
a  white,  volatile  compound  l^B.^ .  BMcj,  which  is  deposited  in  fine  crystals 
from  its  ethereal  solution,  and  may  be  sublihied  without  decomposition. 
Its  vapour,  like  that  of  sal-ammoniac,  occupies  eight  volumes  instead  of 
four.  Water  absorbs  very  little  boric  methide,  but  alcohol  dissolves  it 
readily.  Solutions  of  the  alkaUes  and  alkaliiie  earths  also  absorb  it,  and 
potash  decomposes  the  ammonia  compound,  but  the  combinations  of  boric 
methide  with  the  alkalies  do  not  crystallise,  and  are  decomposed  even  by 
carbonic  acid. 

8U'idum-ethyle,  SiE.„  results  from  the  decomposition  of  bichloride  of 
silicon  with  zinc-ethyle ;  it  is  not  decomposed  by  water  or  by  solution  of 
potash,  is  lighter  than  water,  and  burns  with  a  bright  flame.  Silicium- 
ethyle  is  esiDecially  interesting  as  the  source  of  a  new  alcohol  in  which  a 
part  of  the  carbon  appears  to  be  replaced  by  silicon.  The  formula  of  this 
alcohol  is  said  to  be  Si^Cj^H^^O.,,  which  may  be  represented  as  the  (miss- 
ing, see  p.  512)  alcohol  CjgH^uO^  (nonyle-alcohol),  in  which  two  equivalents 
of  carbon  are  replaced  by  two  equivalents  of  silicon. 

Silicium-methyle,  Si(C^H3).,,  is  obtained  by  the  action  of  chloride  of 
sihcon  upon  iodide  of  methyle  in  the  presence  of  zinc.  It  is  a  liquid 
which  bums  with  a  luminous  flame,  producing  white  fumes  of  silica. 

393.  The  following  table  exhibits  the  composition  of  the  principal  com- 
poimds  of  alcohol-radicals  with  inorganic  elements  which  have  yet  been 
analysed,  omitting  some  of  the  compound  ammonias,  wliich  wiU  be  noticed, 
hereafter : — 


Compounds  of  alcohol-radicals 
mth  Inorganic  elements. 


Equivalent 
Formula. 


Inorganic 
Type. 


Sodium-ethyle,  . 

Magnesitim-ethyle, 

Aluminum-ethyle, 

Zinc-methyle, 

Zinc-etliyle, 

Zinc-amyle, 

Stan-m  ethyle,  . 

Stau-ethyle, 

Seaquiethide  of  tin,  . 

Uiethiodide  of  tin, 


NaE* 
MgE 


NaO 
MgO 

ZnO 
ZnO 
ZnO 
SnO 
SnO 


ZnMe 

ZnE 

ZnAyl 

SnMe 

SnE 

Sn,E, 

SHjEjI 


*  Strir.tly  speaking,  the.so  forTtiulft!  slionld  lie  doubled,  for,  as  they  stand  at  present  the 
correspond  only  to  two  vohinies  of  vapour.  Thus  sodium-ethyle  should  lie  NaE  anils 
on,  cxceptinj?  AljB,,,  ShjEj,  ShjEJ,  BiBj,  SbE,,  AsMe,,  and  their  derivatives.     "  "  ' 
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with  inorganic  elements. 

Equivalent 
FoiTQula. 

Inorganic 
Type. 

Stannic  ethide,  .       .       .  • 

bnUj 

Stannic  etliylometliide, 

on  jiiivi©^ 

isnUj 

Stannic  iodethide, 

OliJli  J. 

R-nO 

onUj 

Bismuthous  etnide,  . 

Bismuthous  dichlorethide,  . 

Plumbic  ethide,  .... 

VhFj 

±  UHj^ 

PbO 

Mercuric  etnide, 

Mercuric  methide, 

btiuetnyie,  .... 

RViO 

Antimonic  triethoxide. 

100.1(10  01  LGiretuyi-stiuuiiiuiii, 

Shi?  T 

Kadodyle,  ..... 

AhR 

Oxide  of  kakodyle, 

A  cO 

ASU3 

Arsenious  dioxymetliide, 

A  qMpO 

xioV./3 

xrimeLflyie-araiiie,     .       .  . 

Monomethyl  arsenic  acid,  . 

AqO 

Kakodylic  acid, 

AhA 

Sulphokakodylic  acid, 

ASU5 

Terchloride  of  kakodyle. 

A  of* 

Ettyl-kakodylic  acid, 

A  ofk 

Arsenic  triethoxide,   .       .    '  . 

AqE  o 

AaO 

Oxide  of  tetrethylarsonium, 

A  oA 
ASO5 

Oxide  of  dime  til  yl-diethylarsonium, 

A  ad 
A8U5 

Triborethyle,  .... 

BE3 

BO3 

Boric  memide,  .... 

XSUg 

Silicium-ethyle, 

SiE^ 

SiO„ 

Silicium-methyle, 

SiMe^ 

SiOj, 

These  compounds  are  evidently  formed  upon  the  types  of  the  inorganic 
combiaations  of  the  respective  elements.  Those  elements  which  combine 
in  only  one  proportion  with  oxygen  or  sulphur,  also  combine  in  one  pro- 
portion with  an  alcohol-radical ;  whilst  those  which  form  more  than  one 
compound  with  oxygen  and  sulphur  also  generally  form  corresponding 
compounds  with  alcohol-radicals. 

Thus  zinc,  which  combines  with  only  one  equivalent  of  oxygen  or  sul- 
phur, also  associates  itself  with  one  equivalent  of  methyle,  ethyle,  or 
amyle.  Aluminum  also  combines  only  in  one  proportion  with  the  alcohol- 
radicals,  but  that  proportion  corresponds  with  the  composition  of  alumina, 
the  only  oxide  of  aluminum. 

Tin",  on  the  other  hand,  forms  three  distinct  series  of  compounds  with 
the  alcohol-radicals,  composed  according  to  the  types  of  the  protoxidCj 
sesquioxide,  and  binoside  of  tin,  respectively.  And  it  must  be  observed 
that  as  long  as  the  type  is  adhered  to,  the  particular  radical  occupying  a 
place  in  the  compound  appears  to  be  a  matter  of  indifference ;  thus  we 
find,  in  the  bodies  composed  after  the  type  of  sesquioxide  of  tin  (SnPg), 
one  in  which  the  places  of  the  three  equivalents  of  oxygen  are  occupied  by 
ethyle,  and  another  in  which  only  two  of  the  places  are  occupied  by 
ethyie  (an  electro-positive  or  quasi-metalhc  or  lasylous  radical),  whilst  the 

•  Formed  by  the  action  of  zinc-methyle  upon  the  stannic  iodethide,  ZnMe  +  SnBI  = 
SiiEMe  +  Znl. 
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third  is  filled  by  iodine  (an  electro-negative  or  chlorous  radical).  The  tin- 
compoimds  illustrate  peculiaiiy  well  the  true  coiistitution  of  these  com- 
poiuids,  for  the  stan-ethyle  and  stan-methyle,  composed  upon  the,  type  of 
stannous  oxide,  e>diibit  the  same  tendency  which  is  noticed  in  that  oxide 
to  resolve  themselves  into  metaUic  tin  and  compounds  of  the  SnO^  type ; 
thus,  when  stan-ethyle  is  subjected  to  distillation  2SnE  -  SnE.,  +  Sn ; 
just  as  when  stiinnous  oxide  is  boiled  with  potash,  2SnO  =  SnO^"  -f-  Sn . 

Among  the  members  of  the  arsenic  series,  we  have  kakodyle  composed 
after  the  type  of  realgar,  AsS^,  which  has  no  corresponding  oxide ;  then 
trimethylarsine  representing  arsenious  acid,  and  oxide  of  tetramethyl- 
arsonium  (AsMe^),  corresponding  to  arsenic  acid ;  and  just  as  arsenious 
acid  is  converted  into  arsenic  acid  mider  the  influence  of  oxidising  agents, 
so,  but  much  more  easily,  the  oxide  of  kakodyle  (AsMe.,0),  composed 
upon  the  type  AsO^,  is  converted  into  kakodyhc  acid  (AsMe^Og),  repre- 
sentmg  the  type  AsO^ .  The  stability  of  kakodylic  acid  necessarUy  follows 
from  its  constitution,  the  combining  tendency  of  arsenic  is  saturated  in 
the  type  AsO,,  the  force  of  chemical  attraction  can  go  no  further. 

The  discovery  of  these  remarkable  compounds  draws  more  closely 
together  the  departments  of  inorganic  and  organic  chemistry,  exhibits  a 
facility  of  interchange  among  elementary  and  compound  radicals  which 
was  not  before  suspected,  and,  whilst  helping  to  estabhsh  the  doctrine  of 
compound  radicals,  teaches  that  the  theory  of  types  must  be  regarded  as 
one  of  the  most  important  guides  in  research. 


OEGANIC  ALKALOIDS— AMMONIAS. 

394.  The  attraction  which  the  vegetable  alkaloids  have  always  possessed 
for  the  chemical  inquirer  is  easily  accounted  for ;  composing,  as  they  do,  so 
very  small  a  portion  of  the  plants  in  which  they  are  found,  and  yet  repre- 
senting, in  many  cases,  the  Avhole  virtue  and  activity  of  such  plants  in 
their  action  upon  the  animal  body,  it  is  very  natural  that  their  composi- 
tion should  have  been  very  carefully  studied,  with  a  view  to  explain  the 
changes  by  which  they  are  produced  in  the  plants,  and,  if  possible,  to 
imitate  those  changes  in  order  to  obtain  these  valuable  remedies  by  arti- 
ficial means.  In  this  study,  however,  the  chemist  has  to  contend  with 
difficulties  of  no  insignificant  character  ;  for  even  in  the  determination  of 
the  ultimate  composition  of  these  alkaloids,  their  high  equivalent  weights 
and  comparatively  small  proportion  of  hydrogen  render  the  exact  determi- 
nation of  this  substance  a  matter  of  great  difficulty,  so  that  even  at  the 
present  time  the  composition  of  some  of  the  less  known  alkaloids  can 
hardly  be  said  to  be  definitely  established. 

The  following  table  includes  the  most  important  of  those  alkaloids 
which  are  extracted  from  plants  : — 


Alkaloid. 


Morphine 

Codeine 

Narcotine 

Papaverine 

Quinine 

Cinchonine 

Quinidine 


Source. 


Opium 


Cinchona  bark 


Equivalent  Formula. 


C,„I1,,N0, 
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Alkaloid. 


Caffeine 

Theine 

Theobromine 

Strychnine 

Brucine 

Nicotine 

Solanine 

Atropine 

Daturine 

Cocaine 

Hyoscyamine 

Emetine 

Aconitine 

Veratrine 

Coniine 

Piperine 

Capsicine 

Sparteine 

Curarine 


Source. 


Coffee  .  . 
Tea  ,  .  . 
Cacao-nut  . 
Nux  vomica 


Tobacco  .... 
Potato-shoots  .  . 
Deadly  nightshade 
Stramonium  .  . 
Coca-leaves  .  .  . 
Henbane,  .  .  . 
Ipecacuanha  .  . 
Aconite  .  .  .  . 
White  hellebore  . 
Hemlock  .... 
Pepper  .  .  .  . 
Cayenne  pepper  . 
Common  broom 
Ourara  poison  .  . 


Equivalent  Formula. 


G,,H,,N,0, 

C,„H„NA 
C,oH,N 


C3,H,,N0« 


C,,H,,N,0,, 
OesHssN.O,,  (?) 


From  this  table  it  is  seen  that  tlie  alkaloids  invariably  contain  nitrogen  ; 
and  though  this  element  generally  forms  a  comparatively  small  part  of  the 
weight  of  the  alkaloid,  not  exceeding  31  per  cent,  in  theobromine,  which 
is  the  richest  in  nitrogen,  and  falling  as  low  as  3-2  per  cent,  in  narcotine, 
which  is  the  poorest,  it  is  from  this  element  that  chemists  have  always 
started  in  their  speculations  upon  the  constitution  of  these  important  bodies. 

The  earliest  view  of  any  importance  respecting  the  constitution  of  the 
alkaloids  was  that  of  Berzelius,  who,  resting  upon  the  constant  presence 
of  nitrogen  and  hydrogen  in  these  substances,  regarded  them  as  compounds 
of  certain  neutral  substances  (then  unknown  in  the  separate  state)  with 
ammonia,  to  which  they  owed  their  alkaline  characters,  and  this  opinion 
was  much  strengthened  when  it  was  discovered  that  certain  organic  bases 
(though  not  those  actually  found  in  plants)  could  be  produced  by  the 
direct  combination  of  ammonia  with  neutral  substances ;  thus  oil  of 
mustard  (CgHgNSJ,  when  combined  with  ammonia  (NB.,),  yields  the  base 
ihiosinnamine  (CyHglST^S^).  . 

To  this  view  it  was  objected,  that  ammonia  could  not  be  detected  m 
these  organic  bases,  and  as  the  doctrine  of  the  displacement  of  one  element 
by  another,  or  by  a  quasi-element,  gained  ground,  it  was  suggested  that 
the  organic  bases  might  be  really  constituted  in  the  same  manner  as 
ammonia  itself,  the  place  of  a  portion  of  the  hydrogen  being  occupied  by 
a  group  composed  of  carbon  and  hydi'ogen,  or  of  carbon,  hydrogen,  and 
oxygen.  This  view  of  the  constitution  of  the  allcaloids,  therefore,  would 
at  once  propose  ammonia  as  the  type  of  this  large  class. 

In  the  earlier  attempts  to  refer  the  organic  bases  to  ammonia  as  theu- 
type,  it  was  said  that  just  as  that  substance  is  composed  of  four  atoms 
(one  of  nitrogen  and  three  of  hydrogen),  so  are  the  organic  bases,  but  that 
these  contain  only  two  separate  hydrogen-atoms,  the  place  of  the  third 
atom  of  that  element  being  occupied  by  a  compound  which  discharges  the 
fmictions  of  tliat  third  atom  of  hydrogen,  and  docs  not  destroy  tlie  alka 
line  character  of  the  origmal  ammonia  type. 
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To  apply  this  view  to  one  of  tlie  least  complex  of  the  organic  bases, 
aniliue  (Cj^H-N),  we  might  represent  it  as  ammonia  (NKj),  in  which  the 
third  atom  of  hydrogen  had  been  displaced  by  the  hypothetical  compomid 
radical />/ieKV/Ze  (Cj^H-)  for  C,.,I-I-N  =  NHj.  0-^^^^^,  phenylamine. 

This  view  of  the  constitution  of  anOine  was  supported  by  the  fact,  that 
aniline  may  be  obtained  by  the  action  of  heat  upon  phenate  of  ammonia ; 
thus — 

NH3.H0.C,,H,0  -  2H0  =  NH^.C^^H, 

Phenate  of  ammonia.  -  Aniline. 

and  as  the  substances  derived  from  ammoniacal  salts  by  the  loss  of  two 
equivalents  of  water  were  called  amides  (being  supposed  to  contaia 
amidogen,  NH^  (see  p.  239),  this  theory  was  spoken  of  as  the  amide-theo7-y 
of  the  constitution  of  organic  bases. 

Later  research  has  only  extended  this  theory,  having  proved  that 
ammonia  is  the  type: of  at  least  the  greater  number  of  organic  bases,  and 
that  not  only  one,  but  all  three  of  the  hydrogen-atoms,  are  movable,  and 
may  be  displaced  by  compound  radicals,  whilst  even  the  nitrogen  of  the 
type  also  admits  of  replacement  by  other  elements  of  the  same  chemical 
family,  viz.,  by  phosphorus,  arsenic,  and  antimony. 

A  more  instructive  example  of  the  elasticity  of  a  type  cannot  be  given. 

395.  Etliylcded  ammonias  and  their  derivatives.— WkQu.  iodide  of 
ethyle  (C^HjI)  is  heated  in  a  sealed  tube  with  an  alcoholic  solution  of 
ammonia,  in  the  proportion  of  single  equivalents,  a  crystalline  compound 
is  formed,  which  might  at  first  be  regarded  merely  as  a  combination  of 
the  two  bodies  employed  to  produce  it  (C4H5I .  ISTHj) ;  but  when  this 
substance  is  distilled  with  potash,  it  furnishes,  instead  of  ammoniacal  gas, 
a  vapour  which  condenses,  under  the  ordinary  pressure  in  a  receiver  cooled 
by  ice,  to  a  very  light  colourless  liquid,  which  boils  at  65°-6  F.,  and  has 
a  powerful  ammoniacal  odour.  By  analysis,  this  liquid  is  found  to  have 
the  composition  CjHylSr,  being,  in  fact,  ammonia  in  which  one-third  of  the 
hydrogen  has  been  displaced  by  ethyle.  That  this  is  the  true  view  of  its 
constitution  does  not  admit  of  a  doubt,  since  it  so  nearly  resembles 
ammonia  in  all  its  characters,  that  it  might  easUy  be  mistaken  for  that 
substance.  The  ethyl-ammonia  or  ethylia,  or  ethylamine,  has  not  only  the 
modified  odour  of  ammonia,  but  is  powerfully  alkaline,  and  combines 
readily  with  acids,  forming  salts,  many  of  which  may  be  crystallised.  It 
is,  as  might  be  expected,  more  inflammable  than  ammonia. 

The  crystalline  compoiuid  formed  by  the  action  of  iodide  of  ethyle  upon 
aimnonia  is  the  hydriodate  of  ethylamine- — 


G,HJ   +   N    H  =  N  ^   H   V  .  HI 


the  hydrogen  expelled  from  the  ammonia  having  taken  the  jDlace  of  the 
ethyle  in  the  iodide,  forming  hydriodic  acid,  which  remains  in  combina- 
tion with  the  ethylamine. 

Chloride  of  ethyle  and  bromide  of  ethyle,  when  heated  with  ammonia 
yield,  respectively,  the  hydrochlorato  and  "hydrobromate  of  ethylamine,  but 
the  iodide  of  ethyle  is  preferred  for  this  and  similar  experiments,  as  bein" 
less  volatile,  and,  therefore,  more  manageable  in  sealed  tubes.    '  ^ 
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When  the  hydriodate  of  ethylamine  is  distilled  with  potasli,  it  behaves 
just  as  hydriodate  of  ammonia  would  do  if  similarly  treated — 
NH3.HI   +   KO   =   NH3   +   KI  +  HO 

Hydriodate  of  ammonia.  Ammonia. 

im,.C,H,.HI  +   KO   -   NH,.C,H,   +   KI   +  HO. 

Hydriodate  of  etliylamine.  Ethylamine. 

Ethylamine  also  combines  with  the  oxygen-acids  in  the  same  manner 
as  ammonia — 

Sulphate  of  ammonia,  .       .       .    NH3,  HO .  SO3 
Sulphate  of  ethylamine,       .       .    NH^ .  C^H,,  HO .  SO3. 
If  any  further  proof  were  wanted  that  ethylamine  is  really  composed  after  the 
type  of  ammonia,  it  would  be  afforded  by  the  circumstance,  that  ethylamine  may  be 
prepared  by  distilling  cyanic  ether  with  hydrate  of  potash. 

Cyanic  ether  (C^H^O  .  OyO  =  C^HjO  .  OjNO)  is  obtained  by  distilling  sulphovi- 
nate  of  potash  with  cyanate  of  potash — 

KO  .  CyO  +  KO .  C,H,0  .  2SO3  =  C,H,0 .  CyO  +  2(K0  .  SO3) . 
Cyanate  of  potash.    Sulphovinate  of  potash.         Cyanic  ether. 
Now,  cyanic  ether  is  simply  cyanic  acid,  in  which  an  equivalent  of  ethyle  occupies 
the  place  of  an  equivalent  of  hydrogen — 

Cyanic  acid,       .       .       .       HO .  CyO 
Cyanic  ether,     .       .       .       EO .  CyO . 
"When  cyanic  acid  is  distilled  with  hydrate  of  potash,  it  yields  ammonia  and 
carbonate  of  potash — 

HO.C^NO  +.  2(K0.H0)  =  NH3  +  2(KO.C02) 
and  since  cyanic  ether  contains  an  atom  of  ethyle,  in  place  of  an  atom  of  hydrogen, 
it  would  be  expected  to  furnish  an  ammonia  in  which  a  similar  displacement  had 
been  effected — 

EO.C2NO  +  2(K0.H0)  =  NHjE  +  2(K0.C02). 
Cyanic  ether.  Ethylamine. 

If  ethylamine  be  again  acted  upon  by  an  equivalent  of  iodide  of  ethjde, 
a  second  atom  of  hydrogen  may  be  displaced  by  ethyle,  and  the  hydriodate 
of  dietliylamine  is  obtained — 

+    C,H,I    =  Njc^,j>.HI 

Iodide  of  Hydriodate  of 

ethyle.  diethylamine. 

and  from  this  hydriodate  the  diethylamine  is  obtained  by  distillation  with 
potash,  as  a  colourless  and  inflammable  liquid,  strongly  ammoniacal,  and 
having  a  much  higher  boiling  point  than  ethylamine  (134°-6  F.)  In  its 
chemical  relations  diethylamine  is  a  decided  ammonia. 

In  order  to  remove  the  third  atom  of  hydrogen,  it  is  only  necessary  to 
subject  diethylamine  to  the  action  of  iodide  of  ethyle — 

+  c,Hj  =  n^chA.hi. 

Iodide  of  Hydriodate  of 

ethyle.  Tiietliylamlne. 

When  this  last  hydriodate  is  distilled  with  potash,  the  triethylamine  is 
obtained  as  a  colourless  liquid,  presenting  the  strongest  evidence  of  its 
relationship  to  ethylamine  and  diethylamine  as  well  as  to  ammonia.  It  is 
powerfully  alkaline,  and  boils  at  a  higher  temperatiu'e  than  diethylamine. 

*  Just  as  ethylamine  is  obtauied  by  the  action  of  hydrate  of  potash  upon  cyauic  ether,  so 
triethylamine  ia  formed  when  ethylate  of  potash  (potassium-alcohol)  acts  upon  cyanic  ellier— 
EO.C,NO  +  2(K0.E0)  =  NE,  4-  2(K0.C0,). 
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But  tlio  action  of  iodido  of  etliyle  does  not  stop  here,  fbr  if  trlethyla- 
mine  be  again  heated  with  it,  an  equivalent  of  that  base  combines  with 
an  equivalent  of  the  iodide  to  form  the  compound  ^(C^Hg)^ .  which 
may  be  represented  as  hydriodate  of  tricthylamine  in  which  the  place  of 
the  hydrogen  in  the  hydriodic  acid  is  occupied  by  ethyle. 

But  it  mil  be  remembered  that  the  hydriodate  of  ammonia  (NH3 .  HI) 
is  sometimes  regarded  as  the  iodide  of  a  hypothetical  compound  metal 
ammonium  (jSTHj),  and  it  would  appear  admissible  to  view  the  above 
compound  as  iodide  of  ammonium  (JSTHjI),  in  which  the  four  atoms  of 
hydi-ogen  are  displaced  by  ethyle ;  it  would  then  be  called  iodide  of  tetre- 
thylammonium  (NE^I),  or  iodide  of  tetrethylium. 

Unlike  the  preceding  compounds,  the  iodide  of  tetrethylium  may  be 
boiled  with  solution  of  potash  without  decomposition,  but  if  a  solution  of 
tliis  substance  be  treated  -with  oxide  of  silver,  iodide  of  silver  is  formed, 
and  when  the  solution  is  filtered  and  evaporated  in  vacuo  over  sulphuric 
acid,  it  deposits  needle-like  crystals  having  the  composition  ^(C^Hj)^^  .HO. 
This  substance,  which  is  called  the  hydrated  oxide  of  tetrethylium,  is 
exactly  similar  in  properties  to  the  hydrates  of  potash  and  soda ;  it  is 
deliquescent,  absorbs  carbonic  acid  eagerly  from  the  air,  is  exceedingly 
alkaline  and  caustic,  expels  ammonia  from  its  salts,  forms  soaps  with  the 
fats,  and  behaves  in  every  respect  like  the  hydrate  of  a  fixed  alkali.  Its 
taste  is  very  bitter  as  well  as  alkaline. 

It  is  obviously  not  an  ammonia,  but  is  composed  after  the  type  of 
hydrate  of  potash  (KO  .  HO),  and  contains,  in  place  of  the  potassium,  the 
hypothetical  radical  tetrethyHum,  ^(CjHj)^,  or  ammonium  (NHj)  in  which 
the  four  atoms  of  hydrogen  have  been  displaced  by  ethyle. 

The  action  of  oxide  of  silver  upon  the  iodide  of  tetrethylium  is  now 
intelligible — 

+    AgO    +    HO    =    NE.O.HO    +  Agl. 

Iodide  of  Hydrated  oxide  of 

tetretliylium.  tetrethylium. 

The  new  alkali  is  easily  decomposed ;  even  at  a  temperature  below  the 
boiling  point  of  water,  it  is  resolved  into  tricthylamine,  olefiant  gas,  and 
water — 

N(CA),O.HO    =    N(C,H,)3    +    C,H,    +  2H0. 

Tricthylamine. 

It  wiU  be  remembered  that  the  solution  of  ammonia  in  water  may  be 
regarded  as  containing  the  hydrated  oxide  of  ammonium,  for — 

NH3    +    2H0    =  NUp.HO 

which  latter  Would  be  the  true  type  of  the  hydrated  oxide  of  tetrethylium ; 
but  so  great  is  the  want  of  stability  in  this  case,  thataU  attempts  to  isolate 
the  hydrated  oxide  of  ammonium  have  resulted  in  the  production  of 
ammonia  and  water. 

Like  potash,  the  oxide  of  tetrethylium  is  capable  of  forming  salts  with 
the  oxygen-acids  without  the  intervention  of  an  equivalent  of  water,  thus — 

Sulphate  of  potash,      .       .       KO .  SO., 
Sulphate  of  oxide  of  tetrethylium,  (NE^)O  .  SO., . 

It  woiild  naturally  be  expected  that  by  the  action  of  the  iodides  of  other 
aloohol-radicals  upon  ammonia,  compounds  slioidd  be  obtained  correspond- 
ing to  those  belonging  to  the  ethyle  series  ;  thus  we  have — 
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{Type;  ammonia  NHj). 


Mcthylamine*  NH„ .  C.Hj 
Ethylamiue,  NH^ .  C^H, 
Amylamine,  NIIj  •  Cj^Hji 
Dimethylamine,  NH .  {G^^^)^ 
Diethylamine,     NH .  (C^Hj)^ 


Diamylamine,      NH .  (C,uH,,)., 
Trimethylamine,  N(C„H3)3 
Tricthylamine,  N(C'HJ3 
Triamylamine,t  N^CjqHjJ^ 


{Type ;  imaginary  hydrated  oxide  of  ammonium,  NH^O  .  HO.) 
Hydrated  oxides  of — 
Tetramethylium,  N(C2Hg)^0 .  HO 
Tetrethylium,  N(C^H5)^0.H0 
Tetramylium,     N(CioHii)^0 .  HO 

But  even  here,  the  elasticity  of  the  types  and  the  replacing  power  of 
the  alcohol-radicals  are  not  exhausted. 

If  niethylauiine  (NH^ .  Me)  he  acted  upon  hy  iodide  of  ethyle,  the 
hydriodate  of  methyl-etliylamine  is  formed — 

NH^.Me      +      EI      =  NHMeE.HI 

Methylamino.        Iodide  of  ethyle.  Hydriodate  of  methyl-ethylamine. 

and  hy  distilling  this  with  potash,  the  methyl-ethylamine,  much  resemhling 
the  other  ammonia  hases,  is  ohtained. 

Again,  on  subjecting  this  base  to  the  action  of  iodide  of  amyle,  and 
distilling  the  product  with  potash,  a  new  ammonia  base  is  procured,  in 
which  all  three  equivalents  of  hydrogen  are  replaced  by  different  radicals  ; 
this  base  is  called  methyl-ethyl-amylamine,  and  its  composition  is  repre- 
sented by  the  formula  ^(C.HJ  (C,Hg)  (CioH^)  =  NMeEAyl.  _ 

If  we  had  started  with  aniline  (phenylamine,  NH^ .  C^^HJ  in  the  above 
experiment,  treatment  with  iodide  of  methyle  would  have  furnished 
methyl-aniline  or  methyl-phenylamine,  NH  .  C^,-,Hg .  C.-jHj ;  and  by  treating 
this  with  iodide  of  ethyle,  we  should  obtain  ethyl-methyl-phenylamine, 
JSTCjjIIg .  C2H3 .  0.^115 ;  the  action  of  iodide  of  amyle  upon  this  last 
ammonia  would  give  the  iodide  of  methyl-ethyl-amylophenyHum,  and  on 
decomposing  this  with  oxide  of  silver  there  Would  '  be  obtained  the 
hydrated  oxide  of  methyl-ethyl-amylophenyl-ammonium— 

If(C,H3)(C,H,)(C,H,)(C,A)0 .  HO 

a  base  formed  upon  the  hypothetical  type  of  hydrated  oxide  of  ammonium, 
in  which  each  of  the  four  equivalents  of  hydrogen  is  replaced  by  a  different 
radical. 

This  complex  substance  affords  an  excellent  example  of  the  difference 
between  an  empirical  and  a  rational  formula ;  its  empii-ical  formida, 
CjgHjgNOj,  which  simply  shows  the  result  of  its  ultimate  analysis,  teaches 
nothing  with  respect  to  its  constitution,  which  is  at  once  clear  when  the 
rational  formula  as  above  written  is  placed  before  us. 

Plienylamine,  NH2(0i2H,),  is  found  among  the  products  of  the  destructive  dis- 
tillation of  rosaniline  (p.  457),  whilst  ethyl-rosaniline  (aniline-violet)  yields  ethyl- 
phenylamine  or  ethyl-aniline,  NH(Ci„H5)(C^H5),  and  phenyl-rosaniline  (aniline  blue) 
yields  di-phenylamine  ox  phenyl-aniline,  NH(0j2H5)„. 

*  Methylamine,  -which  is  a  gas  at  the  ordinary  temperature,  is  far  more  soluble  in  water 
than  any  other'  gas  ;  water  dissolves  1150  voluuies  of  methylamine,  the  solution  exactly 
resembling  that  of  ammonia. 

T  Even  the  hypothetical  hydrocarbon  cetyle  (03^13,),  the  radical  of  eth.al,  has  been  sub- 
stituted for  the  nitrogen  in  anmionia.  The  base  tricctylamine,  N(C33H33)3,  which  is  thus 
lormed,  contains  only  2  per  cent,  of  nitrogen. 
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Diphenylamine  has  also  been  obtained  by  digesting  hydrochlorate  of  aniline  with 
free  aniline  at  a  high  temperature,  when  hydrochlorate  of  diphenylamine  is  obtained, 
which  is  decomposed  by  a  large  excess  of  warm  water,  the  diphenylamine  rising  to 
the  surface  as  an  oil  which  solidifies  on  cooling.  The  change  may  be  expressed  by 
the  following  equation  : — 

NH,(Ci,Hj.HCl    +    NH^CC^H,)    =    NH(C„H,), .  HCl    +    NH^  . 

Hydrochlorate  of  anUine.  AnUina  Hydrochlorate  of 

diphenylamine. 

Ditoluylamine,  NH(0j^H,)2,  maybe  procured  in  a  similar  way  by  digesting  hydro- 
chlorate of  toluidine  with  toluidine. 

PhenyUoluylamine,  NH(Ci2H5)(Ci^Hj),  is  formed  by  the  action  of  aniline  on  hydro- 
chlorate of  toluidine,  or  by  that  of  toluidine  on  hydroclilorate  of  aniline. 

Under  the  action  of  nitric  acid,  di-phenylamine  gives  rise  to  di-nitro-diphenylaminp, 
NH[Cj3n^(N0^)]„,  in  which  the  same  type  is  presei-ved,  though  nitric  peroxide  (NOJ 
is  substituted  for  one-fifth  of  the  hydrogen  in  the  phenyle. 

When  treated  with  chloride  of  benzoyle  (G.,RX)„ .  01),  diphenylamine  yields 
diphenyl-benzoylamine,  N(Ci2H,)2(Ci,H50,). 

It  will  be  observed  that  certain  of  these  bases  derived  from  the  alcohols 
have  the  same  empirical  iormiilse  as  those  derived  from  coal-tar  and  other 
som-ces,  with  which,  however,  they  are  by  no  means  identical.  Thus,  tolui- 
dine (Cj^HgJST)  has  the  same  composition  as  methyl-aniline  (JSrH.Cj.,H5.  CHg) ; 
but  the  former  is  a  crystalline  solid,  and  the  latter  an  oily  liquid.  Agam, 
when  iodide  of  ethyle  acts  upon  toluidine,  an  equivalent  of  hydrogen  is 
displaced  by  ethyle,  and  ethylo-toluidine  is  obtained.  The  composition 
of  this  base,  CjjH^(CjH5)]Sr,  is  the  same  as  that  of  methyl-ethyl-aniline, 
N(aH3)(C,H-)(C,.,H,),  and  as  that  of  cumidine  (C.^H.^N);  but  in  their 
chemical  properties  these  bodies  exhibit  such  a  difference  as  would  be 
expected  from  the  difference  in  their  constitution. 

396.  Investigation  of  the  constitution  of  the  alkaloids. — It  will  be  evi- 
dent that  the  principles  developed  in  the  experiments  just  described  may 
be  applied  in  investigating  the  constitution  of  the  bases  extracted  from 
plants.  Let  it  be  supposed  that  ethylamine  (C^HjN)  was  a  vegetable 
alkaU  of  unknown  constitution ;  when  it  was  found  that  by  the  action  of 
iodide  of  ethyle  two  out  of  the  seven  atoms  of  hydrogen  could  be  displaced, 
it  would  be  at  once  inferred  that  these  two  atoms  occupied  a  very  different 
position  from  the  other  five,  and  that  the  constitution  of  the  compound 
would  be  more  properly  expressed  by  writing  the  formula  C,Hg .  H^N. 
On  applying  the  same  principle  to  the  examination  of  the  natm-al  alkaloid, 
coniine  (Cj,,H,5N),  it  was  found  possible,  by  the  action  of  iodide  of  methyle, 
to  remove  only  one  atom  of  the  hydrogen,  so  that  the  formula  C^IIj^  .H.N 
would  more  correctly  represent  the  constitution  of  coniine,  which  might  be 
then  regarded  as  ammonia  in  which  two  atoms  of  the  hydrogen  have  been 
displaced  by  the  group  C^^iL^^,  or  in  which  each  of  these  atoms  has  been 
displaced  by  the  group  CgHy. 

If  we  ■  were  acquainted  with  an  iodide  of  this  group,  we  have  every 
reason  to  expect  that  its  action  upon  ammonia  would  lead  us  to  the 
artificial  formation  of  coniine.* 

Nicotine,  morphine,  and  codeine  wiU  not  part  with  any  of  their  hydro- 
gen under  the  action  of  iodide  of  ethyle,  and  must  therefore  be  placed 
upon  the  same  footing  as  triethylamine,  ISr(C^HJ.„  in  which  all  three  atoms 

•  The  group  C.H,  is  often  aasunncd  as  tlie  radical  of  butyric  acid  (CbH.OJ,  and  it  is  at 
least  a  curious  coaicidence,  that  when  acted  upon  by  nitric  acid,  coniine  actuallv  vichk 
butyric  acid.  ^  •'  '° 
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of  hydrogen  are  already  replaced.    Upon  tins  view  they  would  be  repre- 
sented thus —  ,    „  >  ,„ 

Nicotine,  N(C,„H,)'" 

Morphine,  ^{C^-KM'" 
Codeine,  N(C3,H,,0,)"' 

The  mark  ('")  signifying  that  the  groups  are  triatomic,  or  have  the  same 
replacincT  value  as  three  atoms  of  hydrogen.  When  these  bases  are  acted 
upon  by  the  iodides  of  alcohol-radicals,  there  are  formed,  as  would  be 
expected,  iodides  upon  the  type  NH,!,  from  which  may  be  obtained  fixed 
alkalies  resembling  the  hydrated  oxide  of  tetrethylium.  Thus  we  have 
the  hydrated  oxides  of 

Methyl-morphyl-ammonium,  N(C3,H,gOg)'"(C.,H3)0 .  HO 
Ethyl-codeyl-ammoniiun,  N(C3„H.,,0„)'"(C,H,)0 .  HO 
Ethyl-nicotyl-ammonium,  N(C,oHj)'"(C,H,)0 .  HO 
397.  Poly-ammonias. — In  speculating  upon  the  constitution  of  the 
vegetable  bases,  it  must  not  be  forgotten  that  some  of  them  contain  two 
equivalents  of  nitrogen ;  this  is  the  case,  for  example,  with  cinchoniue 
(C,„H.,,N,0,),  qumine  (C,„H,,N,0,),  and  strychnhie  (C,,H,,N,OJ.  If  the 
whole  of  the  nitrogen  in  these  bases  be  due  to  the  ammonia  type,  they 
must  be  composed  after  the  type  of  a  double  atom  of  ammonia,  N^Hg.  In 
the  case  of  strychnine,  it  is  found  that  the  action  of  iodide  of  ethyle  fails 
to  remove  any  portion  of  the  hydrogen,  so  that  if  the  base  be  really  com- 
posed after  the  ammonia  type,  it  must  be  represented  by  two  atoms  of 
ammonia  (IST.Hj),  in  which  the  whole  of  the  hydrogen  has  been  displaced 
by  the  group"  {G^.,K.-,.fi^),  when  its  formula  woidd  be  ]Sr.2(C^,H,„0J",  the 
replacing  group  in  this  case  being  liexatomic,  or  equivalent  to  six  atoms 
of  hydrogen.  That  it  is  by  no  means  necessary  for  each  atom  of  hydrogen 
to  be  displaced  by  a  single  group  or  radical,  is  seen  in  a  great  many  organic 
compounds ;  thus,  in  chloroform  (C2H)Cl3,  we  have  the  triatomic  group 
C.,H  (commonly  caUed  formyle)  occupying  the  position  of  three  atoms  of 
hydrogen  which  would  be  required  to  combine  with  the  three  atoms  of 
chlorine ;  again,  in  Dutch  liquid,  (C,H,)C1„  we  have  the  diatomic  group 
C^H^  (ethylene)  occupying  the  place  of  two  atoms  of  hydrogen. 

If  the  view  above  explained  with  respect  to  the  constitution  of  some  of 
the  natural  alkaloids  be  correct,  it  ought  to  be  possible  to  form  artificially 
a  base  in  which  two  or  three  atoms  of  hydrogen  had  been  displaced  by 
means  of  a  diatomic  or  triatomic  radical. 

398.  Diamines.— Wh&n  olefiant  gas  or  ethylene,  C,H^,  is  brought  in 
contact  with  bromine,  the  compound  C,H,Br.,,  corresponding  to  Dutch 
Hquid  (C,H,C1.,),  is  obtained,  and  from  the  action  of  ammonia  upon  this 
Uhromide  of  ethylene,  there  is  derived  a  new  alkaline  base,  having  the 
composition  N._^H,(C,H,)",  or  two  atoms  of  ammonia  (N.,H„),  m  which  the 
diatomic  ethylene  replaces  two  atoms  of  hydrogen.  Such  bases,  formed 
upon  the  double  ammonia  type,  are  caUed  diamines,  wliilst  those  which 
correspond  to  a  single  atom  of  ammonia  are  called  monamines.  The  base 
above  mentioned  is  named  ethylene-diamine.  The  diamines,  Hke  the 
double  atom  of  ammonia  from  which  they  are  derived,  _  are  capable  ot 
combining  with  two  equivalents  of  hydrocliloric  or  any  similar  acid,  wlucH 
is  implied  by  stating  that  they  are  diacid. 

When  Dutch  liquid  (bichloride  of  ethylene,  (C,HJ"Clj)  is  heated  to  300°  F.  with 
strong  ammonia  in  a  sealed  tube,  an  action  takes  place  corresponding  to  tbat  oi  a 
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double  atom  of  hydrochloric  acid  (H.^OIJ  upon  a  double  atom  of  ammonia  (NjHj), 
which  would  give  rise  to  a  double  atom  of  hydrochlorate  of  ammonia  (NjH^ .  H^OIJ ; 
in  the  product  of  tlio  actiou  of  Dutch  liquid  upon  ammonia  (N2Hj(C^Hj2''Cl2),  the 
places  of  four  atoms  of  hydi'ogen  are  occupied  by  two  atoms  of  the  diatomic  group 
(C^Hj).  But  here  the  correspondence  ceases,  for  whilst  the  hydrochlorate  of 
ammonia,  when  decomposed  with  oxide  of  silver,  would  yield  ammonia  and  chloride 
of  silver,  the  new  compound,  when  thus  treated,  yields  a  fixed  alkaline  base,  resem- 
bling hydrate  of  potash,  and  having  the  composition  N„H^(C^HJ2"0„ .  2H0,  which 
represents  a  double  atom  of  the  hypothetical  hydrated  oxide  o'f  ammonium 
2(NH^0  -  HO),  in  which  four  atoms  of  hydrogen  have  been  displaced  by  two  atoms 
of  the  diatomic  ethylene.  The  name  hydrated  oxide  of  diethylena-diammonium  ex- 
presses the  composition  of  this  substance,  which  is  remarkable  for  its  stability,  a 
temperature  above  300°  F.  being  required  to  effect  its  decomposition,  when  it 
furnishes  a  volatile  alkali,  having  the  composition  'S„'R^{GJi^)„",  and  called  di- 
ethylene-diamine,  being  evidently  formed  from  a  double  atom  of  ammonia,  in  which 
four  atoms  of  hydrogen  are  replaced  by  two  atoms  of  the  diatomic  ethylene.  Its 
production  may  be  explained  by  the  equation — 

N,H,(C,HJ/'0,.2H0  =   N,H„(C,Hj;'   -i-   4H0 . 

By  acting  upon  the  new  ammonia  with  iodide  of  ethyle  (O^HJ),  the  two  equiva- 
lents of  hydrogen  may  be  displaced  by  ethyle,  yielding  diethyl-diethylene-diamine, 
N2(C^H5),(C^HJ/,  or  a  double  atom  of  ammonia  (N„H„),  in  which  H»  are  replaced 
by  two  atoms  of  ethyle,  and      by  two  atoms  of  ethylene. 

By  treating  phenylamine  (aniline),  NH^CCj^,,),  with  bichloride  of  ethylene 
(Dutch  liquid),  the  diphenyl-diethylene-diamine,  N2(Oi„H5)2(0,H,)/,  is  obtained, 
which  represents  a  double  atom  of  ammonia  (N„HJ,  in  which  are  replaced  by 
two  atoms  of  phenyle,  and  by  two  atoms  of  ethylene.  By  the  action  of  chloro- 
form upon  !im\mQ,  formyl-diphenyl-diaviine,  'N^{G„'R)"'{Gt,„'R^)^B.,  has  been  obtained, 
in  which  H3  are  replaced  by  the  triatomic  formyle  (C2H),'and      by  phenyle. 

It  has  been  seen  that  phenylamine  is  produced  by  the  deoxidising  action  of  ferrous 
acetate  upon  nitrobenzole  (Oj„Hj.NOJ.  When  di-nitrobenzole  is  treated  in  a 
similar  way,  phenylene-diamine,  'NJti^(Gi„B.J'  is  obtained,  which  is  evidently  derived 
from  a  double  atom  of  ammonia,  in  which  H„  are  replaced  by  the  diatomic  group 
phenylene  (Ci^HJ,  which  bears  the  same  relation  to  phenyle  (CijHjs)  as  ethylene 
(C^HJ  bears  to  ethyle  (C^Hj).  By  treating  di-nitrotoluole  and  di-nitrocumole  with 
ferrous  acetate,  tolylene- diamine  and  mmylene-diamine  are  obtained,  which  are  di- 
ammonias,  in  which  are  replaced  by  the  diatomic  radicals  tolylem  {G^fiJ'  and 
cumylene  (CigHjo)".  These  three  diamines  are  called  the  aromatic  diamines,  since  the 
diatomic  groups  phenylene,  tolylene,  and  cumylene  are  closely  connected,  through 
benzole  (Ci^Hj),  toluole  (C„Hg),  and  cumole  (OjgH,^),  with  the  aromatic  acids,  benzoic 
(C,,HgOJ,  toluic  (Cj^HgOJ,  and  cuminic  {G^^H.^O^). 

Paraniline  (Oj^Hj^N^)  is  obtained  as  a  secondary  product  in  the  manufacture  of 
aniline,  with  which  it  is  polymeric.  Its  properties  are  very  different  from  those  of 
aniline,  for  it  is  solid  at  the  ordinary  temperature,  forming  silky  needles  which  melt 
when  heated,  and  boil  beyond  the  range  of  the  thermometer,  distilling  unchanged. 
It  combines  with  acids,  forming  beautiful  crystalline  salts,  the  study  of  which  proves 
it  to  be  a  diamine. 

399.  Triamines. — The  triamines  are  formed  upon  the  type  of  a  treble 
atom  of  ammonia  (NgH„),  in  which  the  hydrogen  is  replaced  eitlier  entirely 
or  in  part  by  other  radicals.  Thus,  diethykne-iriamine,  N.,I-l5(CjH,),/', 
and  triethylenpAriamine,  ^^^^(C^HJ,",  are  obtained  by  the  action  oi"  bi- 
bromide  of  ethylene  (C^HiBr^)  upon  ammonia.  They  are  powerfully 
alkaline  liquids,  which  are  capable  of  absorbing  carbonic  acid  from  the 
air.  The  triamines  are  generally  capable  of  forming  three  classes  of  salts 
the  monacid,  diacid,  and  trradd  salts,  containing  respectively  one  two' 
and  three  equivalents  of  acid.  ' 

pi.otbylene-di-ethyl-triamino,  _N„H,(C,HJ/(0,H,),,  is  produced  by  the  joint 
action  of  ethylamine  and  ammonia  upon  bibromido  of  ethylene  


2[(C,H,)"Br,]  +  3NH,(C,H„)  +  NIL  = 
NaH3(CJTJ,"(C,H„), .  3HBr    +    NII,(OJIj',  IlBr 
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It  forms  splendidly  crystallised  salts,  and  is  evidently  derived  from  three  atoms  of 
ammonia  (NjHg),  by  the  substitution  of  two  atoms  of  ethylene  (C^HJ/  for  H^, 
and  two  atoms  of  ethylo  (04115)2  for  H„.  ,  •  ,  r 

Carbolriamme  (guanidine),  NaHj^i",  is  a  treble  atom  of  ammonia,  m  which  tour 
atoms  of  hydrogen  are  replaced  by  one  atom  of  tetratomic  carbon  [see  p.  153).  it 
is  formed  by  heating  ammonia  with  subcarbonate  (orthocarbonate)  of  ethylo  in  a 
sealed  tube  to  about  300°  F. 

2(2C,H,0 .  CO,)    +    3NH3    +    2H0   =  .2^0    +   4(0,H,0 .  HO) . 

The  change  is  more  clearly  explained  by  representing  the  subcarbonate  of  ethyle  as 
formed  upon  the  type  of  four  equivalents  of  water  (H^O  J  in  which  are  replaced 
by  (O^H^),,  and  the  remaining      by  C"  (as  in  C'OJ. 

2[(^A).jo,-|     +    3NH3    +    2H0    =    N3H,C/.2H0    +    ^^^h,'^*  | 

Suticai-bonate  of  ethyle.  Guanidine.  4  eqs.  alcohol. 

Guanidine  may  also  be  obtained  by  heating  chloropicrine  in  a  sealed  tube,  with 
an  alcoholic  solution  of  ammonia,  to  212°  F.,  when  the  following  reaction  ensues— 

C^CI^CNOJ    +    3NH3    =    N3HA"-HC1    +    2HC1    +    NO3    +  HO. 

_, ,      .   .  Hydrochlorate  of 

Cliloropicnne.  guanidine. 

It  will  be  remembered  that  the  subcarbonate  of  ethyle  itself  is  obtained  by  the 
action  of  sodium  upon  an  alcoholic  solution  of  chloropicrine  (p.  523). 

Melaniline,  G^^B.^^^^,  a  crystalline  base,  produced  by  the  action  of  chloride  of 
cyanogen  upon  aniline,  may  be  regarded  as  diphenyl-guanidine,  N3H3(Cj2H5)2C2", 
or  guanidine  in  which  two  atoms  of  phenyle  have  replaced  two  of  hydrogen. 

The  beautiful  aniline  dyes  appear  to  be  salts  of  certain  triamines  formed  by  the 
replacement  of  the  hydrogen  in  a  treble  atom  of  ammonia  by  hydrocarbon  radicals. 

According  to  Hofmann,  rosaniline,  the  base  of  the  aniline  red  produced  by  the 
action  of  oxidising  agents  upon  aniline  containing  toluidine,  is  possibly  phenylene- 
ditolylene-triamine,  ^i^{G-,,'R^)"{G^JlX'^3  ■  2H0,  the  phenylene  being  derived  from 
the  aniline,  NH^CCi^H/),  and  the  tolylene  from  the  toluidine,  NHjCCi^Hy) .  Ani- 
line blue,  formed  by  the  action  of  aniline  upon  aniline  red,  would  be  pheiiylene- 
ditolylene-triphenyl-triamine,  -Si^{G^^B.^)"{G^^,X'{G^„:R,)^  .  2H0,  having  been  formed 
from  rosaniline  by  the  substitution  of  three  atoms  of  phenyle  for  H3 .  Aniline 
violet,  the  result  of  the  action  of  iodide  of  ethyle  upon  rosaniline,  would  be  phenylene- 
ditolylene-triethyl-triamine,  N3(Ci2H,)"(Ci^H,)„"(C,H5)3 .  2H0,  or  rosaniline  contain- 
ing three  atoms  of  ethyle  in  place  of  H3. 

The  trichloride  of  dicthylene-triammonium,  '^^{G^^^'B.^ .  CI3,  has  also  been  ob- 
tained. 

400.  Tetramines  are  formed  upon  the  type  of  four  atoms  of  ammonia, 
and  therefore  contain  four  atoms  of  nitrogen,  and  are  able  to  combine  with 
four  atoms  of  a  hydrogen  acid.  Thus,  if  bibromide  of  ethylene  be  allowed 
to  act  upon  ethylene-diamine  in  the  presence  of  hydrobromic  acid,  the 
hydrobromate  of  triethylene-tetramine  is  obtained — 

(CAX'Br.,  +  2N,(C,H,)"H,  +  2HBr  =  N,(C,H,),"H, .  4HBr 

^ShyTJne.  °^  Ethylene-diamine.  triethyleneTt^^^^^ 

and  if  this  be  decomposed  with  oxide  of  silver,  a  strongly  alkaline  solu- 
tion is  obtained,  which  contains  triethylene-tetramine,  2s^4(CjH,)3"H„  or 
a  quadruple  atom  of  ammonia  (N,Hj.,),  in  which  half  the  hydrogen  is 
replaced  by  three  atoms  of  diatomic  ethylene. 

By  acting  on  O.H^Br,  with  etliylamine,  a  salt  is  obtained,  having  the  compo- 
sition N,(C  J-L)/'(CTL),H, .  Br,,  representing  four  atoms  of  bromide  of  ammonium 
(N,H,,Bt)  in  which  h!„  are  replaced  by  5(C,H,)",  and  H,  by  (C,H,),.  From  tins 
bromide  a  strongly  alkaline  base,  the  liydrated  oxide  of  pcntethyknc-tetretnyl-teir- 
ammonium,  '^^^{GJi^)^"(GJ^l)^l^JD^  .  4H0,  is  obtained,  which  is  formed  upon  tlie  type 
of  four  atoms  of  the  imaginary  hydratod  oxide  of  ammonium  (NH^O.  HO). 
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Tlio  action  of  fodide  of  dthyle  (C^HJ)  upon  this  base  replaces  each  of  the  remain- 
ing atoms  of  hydrogen  by  ethyle,  yielding  N,(C,H,  V'(C,II,),HO,  .  4H0  and 
N,(C,H,)"(0,H,)A-4H0. 

When  diethylamiue  (NHCC^Hj)^  acts  on  bibromide  of  ethylene,  the  bromide  of 
tri-ethylene-octethyl-tetrammoiiium,  'K ^{GJ1^)"(GJ^^\T^„ .  Br^,  is  obtained,  which  also 
furnishes  a  powerfully  alkaline  base,  N^(C^HJ/(O^H5)8HjjO^  .  4H0. 

401.  We  are  not  entirely  dependent  upon  purely  artificial  processes 
for  the  anunonia  bases  containing  alcohol-radicals.  Many  processes  of 
putrefaction  furnish  certain  of  these  bases  which  had  liitherto  been  over- 
looked in  consequence  of  their  resemblance  to  ammonia.  Thus,  putre- 
fying flour  yields  ethylamine,  trimethylamine,  and  amylamine ;  trimethy- 
lamine  is  also  found  in  the  roe  of  herrings,  as  also  in  putrefied  urine  and 
in  the  chenopodium  vulvaria;  it  may  also  be  obtained  by  distilling  ergot 
of  rye  with  potash.  Methylamine,  ethylamine,  propijlamine  (ISTH^.  C^H^), 
butijlamine  (NH^.CgHg),  ov  petinine,  and  amylamine,  are  found  among 
the  products  of  the  destructive  distillation  of  bones. 

402.  Ammonias  and  ammonium  bases  containing  pliospliorus,  arsenic, 
and  antimony. — It  might  be  expected  that  the  ammonia  type  was  not 
susceptible  of  any  further  modifications,  but  it  has  been  found  that  even 
the  nitrogen  of  that  type  may  be  represented  by  other  elements  which  are 
chemically  related  to  it. 

Antimony,  arsenic,  and  phosphorus,  it  will  be  remembered,  all  form 
compounds  with  three  atoms  of  hydrogen,  SbHg,  AsHj,  and  PHj,  which 
may  be  regarded  as  formed  upon  the  ammonia  type.  Neither  of  these 
substances,  however,  possesses  any  alkaline  character,  the  last  alone  being 
capable  of  combining  with  certain  acids  (hydrobromic  and  hydriodic). 

Mention  has  already  been  made  of  the  circumstance  that  compounds 
corresponding  to  antimonietted,  arsenietted,  and  phosphuretted  hydrogen 
may  be  obtained,  in  which  the  place  of  the  hydrogen  is  occupied  by  cer- 
tain alcohol-radicals;  but  in  these  cases  the  hydrogen  does  not  admit  of 
partial  replacement,  only  those  compounds  which  correspond  to  triethy- 
lamine  and  trimethylamine  having  been  obtained. 

TriethylstiUne,  Sb(C^B[,).j,  and  trietMjlarsine,  As,{G^,).^,  have  already 
been  noticed  amongst  another  class  of  bodies  to  which  they  seem  properly 
to  belong,  since  they  are  not  capable  of  forming  salts  corresponding  to 
those  of  ammonia,  and  appear  really  to  be  composed  after  the  types  Sb0.j 
and  AsOj  {see  p.  536). 

"With  triethylphospliine,  however,  the  case  is  different ;  this  substance, 
3,  is  a  true  ammonia,  capable  of  forming  salts  with  the  acids,  like 
ethylamine,  although  exliibiting,  unlike  that  body,  a  very  powerful  ten- 
dency to  combine  directly  with  two  equivalents  of  oxygen  and  sulphur,  to 
form  compounds  resembling  those  of  the  arsenic  and  antimony  series  (see 
p.  537),  and  formed  upon  the  type  of  phosphoric  acid  (POJ.  Thus  we 
have — 

Binoxide  of  triethylphosphine,  PEjO^ 
Bisulphide,   ....  PE^Sj 

and  the  corresponding  compounds  containing  methyle. 

Triethylphosphine  is  obtained  by  the  action  of  tcrchloride  of  plios- 
phorus  upon  zinc- ethyle,  PCI.,  +  3ZnE  =  PE,  +  3ZnCl.  It  is  a  vola- 
tile liquid  of  a  very  peculiar  powerful  odour,  the  vapour  of  which,  when 
mixed  with  oxygen,  explodes  with  great  violence  at  a  temperature  far 
below  212°. 
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By  acting  upon  triethylstibine,  or  stibio-trietliyle,  with  iodide  of  ethyle, 
an  iodide  is  obtained  wliich,  wlien  decomposed  by  oxide  of  silver,  yields 
the  bydrated  oxide  of  tetrethylstibonium  (SbE.O .  HO),  formed  after  the 
type  of  hydrated  oxide  of  ammonium  (NH^ .  HO). 

In  a  similar  manner  there  are  obtained  the  hydrated  oxides  of  tetrethyl- 
arsonium  (AsE.O.HO)  and  tetrethylphosphonium  (PE,0 .  HO),  and 
their  corresponding  methyle  compounds. 

These  substances  are  precisely  similar  in  properties  to  the  hydrated 
oxide  of  tetrethylium,  being  powerfully  caustic  alkalies  bearing  a  close 
resemblance  to  hydrate  of  potash. 

A  very  remarkable  base  has  also  been  obtained,  composed  after  the 
type  of  a  double  atom  of  the  imaginary  hydrated  oxide  of  anmionium 
(N^HgO, .  2H0),  in  which  one  atom  of  nitrogen  has  been  replaced  by 
phosphorus,  and  the  other  by  arsenic,  whilst  of  the  hydrogen,  two  atoms 
are  replaced  by  the  diatomic  radical  ethylene  (C^HJ",  and  the  remainder 
by  ethyle.  This  base  has  been  styled  the  hydrated  oxide  of  ethylene- 
hexethyle-diphospharsonium,  and  its  formula  is — 

PAs  (C,HX(CA)A-2H0. 
This  base  combines  with  two  equivalents  of  acids  to  form  salts,  and 
behaves  in  every  respect  as  a  double  equivalent  of  hydrate  of  potash 
would  do. 

By  acting  upon  triethylphosphine  with  cMoroform  (C^HClg),  contain- 
ing the  triatomic  radical  formyle  (C^H)'",  a  chloride  has  been  obtained 
which  is  composed  upon  the  type  of  three  atoms  of  chloride  of  am- 
monium (3NH,C1  =  NaHj^Clj),  in  which  one-fourth  of  the  hydrogen 
is  replaced  by  formyle  and  the  rest  by  ethyle ;  the  composition  of  this 
chloride  is  therefore  (F.XGfi)"'iG^^P^-^  ]  from  this  compound  various 
salts  have  been  obtained  containing  the  corresponding  oxide,  combined 
with  three  equivalents  of  the  acids,  but  the  hydrated  oxide  itself  has  not 
been  obtained. 

3P(C,H,)3    +    (C,H)'"Cl3    =  P3(C,H)'"(CA)3Cl3. 

„, ,     ,  Tricliloride  of  formyl-nonethyl- 

Triethylpliosphme.  Chloroform.  triphosphonium. 

403.  The  insight  into  the  constitution  of  the  bases  derived  from  ammonia,  which 
has  been  acquired  in  the  researches  detailed  above,  has  induced  chemists  to  endea- 
vour to  apply  the  same  principles  to  certain  inorganic  bases  derived  from  ammonia 
by  the  action  of  metallic  salts. 

Thus,  by  the  action  of  (proto)  chloride  of  platinum  upon  ammonia  {see  p.  398), 
a  compound  is  obtained  which  may  be  regarded  as  simply  PtCl .  NHj ;  but  when 
this  is  treated  with  oxide  of  silver,  the  01  is  removed  in  the  form  of  chloride  of 
silver,  and  a  caustic  alkaline  base  is  separated,  which  has  the  formula  PtO .  NH3 .  HO, 
or  rather,  viewed  upon  the  type  of  hydrated  oxide  of  ammonium,  NH^Pt.O.HO, 
hydrated  oxide  of  platammonium,  or  hydrate  of  platosamine. 

By  employing  ethylamine  instead  of  ammonia,  there  would  be  obtained 
NH„EPt .  0 .  HO,  hydrated  oxide  of  ethyloplatammonium. 

"When  the  compound  PtCl .  NH.,  (or  rather  NH^Pt .  CI,  chloride  of  platammonium) 
is  again  treated  with  ammonia,  it  yields  NHgPt .  01 .  NH3,  and  when  this  is  decom- 
posed with  oxide  of  silver,  another  caustic  alkali  is  obtained,  having  the  composition 
NHgPt .  0  .  NHg .  HO,  which  may  be  regarded  as  NH„Pt(NH,)0  .  HO,  the  hydrated 
oxide  of  platammon-ammouium,  or  hydrate  of  diplatosamine  ;  it  would  then  become 
a  hydrated  oxide  of  ammonium  (NH4O .  HO),  in  which  one  atom  of  hydrogen  is 
replaced  by  platinum  and  another  by  ammonium. 

Very  remarkable  and  beautiful  crystalline  compounds  have  also  been  obtained, 
wliich  are  formed  after  the  type  of  chloride  of  platammonium,  but  contain  either 
phosphorus,  antimony,  or  arsenic,  in  place  of  nitrogen,  and  ethyle  in  place  of 
hydrogen ;  these  are— 
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Chloiide  of plato-iriethJ/l-phospJionium,   .       .       VT^GJi^)^  .01 
,1  „  arsonium,        .       .       A.sVi{(jJl^)^ .  01 

„  „  stibonium,        .       .       ShFt{G^E.^).^ .  01 

Corresponding  salts  have  also  been  obtained  containing  gold  in  the  place  of 
platinum,  and  forming  beautiful  colourless  crystals. 

In  some  bases,  clilorine,  bromine,  and  even  nitric  peroxide  (NO^)  bave 
been  introduced  in  the  place  of  hydrogen  into  the  alcohol-radical,  but  in 
all  these  cases  the  basic  energy  is  dimiuished  by  such  substitution,  and  in 
some  altogether  destroyed. 

Thus,  in  the  aniline  (phenylamine)  series,  we  have — 

Chloraniline,  .  .       .  NH2(Ci2H^Cl),  weak  base. 

Dichloraniline,  .  .       .  NHj^CijHjClJ,  weaker  base, 

Trichloraniline,  .  .       .  NH2(0i2H2Cl3),  neutral. 

Nitraniline,  .  ...  NH2[Ci"„H^(N0,)],  weak  base. 

Dinitraniline,  ..  .       .  ]SIH2[Ci2H3(NO^)J,  neutral. 

404.  Amides. — When  oxalate  of  ammonia  (NKfi .  C^O,)  is  subjected 
to  distillation,  a  white,  crystalline  sparingly  soluble  substance  is  obtained, 
which  has  been  named  oxamide,  and  is  represented  by  the  formula 
.  CgOj.   This  substance  is  derived  from  the  ammonia-salt  by  the  loss 
of  2  equivalents  of  water — 

NH.O.C.Og   -   2H0   =  NH,.C,0, 

and  its  close  relationshijD  to  oxalate  of  ammonia  is  shown  by  the  circum- 
stance that  it  is  reconverted  into  that  salt,  if  heated  with  water  in  a 
sealed  tube  to  436"  F.,  or  by  simply  boding  it  with  water  to  which  a 
httle  acid  or  alkali  has  been  added. 

Oxamide  is  more  readily  prepared  by  decomposing  oxalic  ether  with 
ammonia,  when  it  is  obtained  as  a  white  crystalline  precipitate — 

C.H^O.CA  +  NH3  =   C,H,O.HO  +  NH,.CA- 

Oxalic  ether.  Alcohol.  Oxamide. 

If  one  of  the  compound  ammonias,  such  as  ethylamine  and  aniline,  be 
employed  instead  of  ammonia,  etlilyoxamide  and  oxanilide  are  produced — 

C,H,0.C,03  +  NH,.C,H,  =  C,H,O.HO  +  NH.C,H,.CA, 

Oxalic  ether.  Ethylamine.  Elhyloxamido, 

C,H,0.C,03  +  NH,.C,,H,  =  C,H,O.HO  +  NH.  0,^.0,0,. 

Aniline.  Oxanilide. 

Oxamide  is  the  representative  of  a  large  class  of  bodies,  known  as  the 
amides,  which  may  be  defined  as  substances  cai)able  of  being  converted,  by 
the  assimilation  of  the  elements  of  two  equivalents  of  Avater,  into  the 
ammonia-salts  from  which  they  are  derived. 

Some  other  interesting  members  of  this  class  are  here  enumerated, 
together  with  the  corresponding  ammonia-salts — 

Formamide,  .  ,  .  NHj ,  O^HOj  Formiate  of  ammonia,  NH^O  ,  C^HOj 

Acotamide,    ,  .  .  NH^ ,  C^HjOj  Acetate  NH^O ,  O^H  0 

Butyramido,  .  .  ,  NHj ,  C^H^O^  Butyrato  NH^O .  CjH^o" 

Benzaraide,   .  ,  ,  NII^ .  G^^\lfi^  Bonzoato,   ....    NH^O .  Oj^HjOj 

It  is  evident  that  these  amides  may  be  regarded  as  derived  from  ammonia 
by  the  substitution  of  a  compound  group  for  one  of  the  thre.e  atoms  oV 
hydrogen. 
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When  binoxalate  of  ammonia  (NH.O  .  C,0.„  HO .  C^O^)  is  distilled,  at  a 
moderate  heat,  a  solid  acid  substance  is  left  in  the  retort,  which  is  known 
as  oxamic  acid,  mi, .  C,0„  HO .  C.fi.„  and  may  be  regarded  as  composed 
of  oxamide  (derived  from  neutral  oxalate  of  ammonia),  with  the  extra 
equivalent  of  hydrated  oxalic  acid.  That  it  contains  no  oxalic  acid  as 
such  is  proved  by  its  yielding  soluble  crystallisable  salts  with  lime  and 
baryta,  both  which  yield  insoluble  salts  with  oxalic  acid. 

When  the  solution  of  oxamic  acid  in  water  is  boiled,  it  is  reconverted 
into  the  binoxalate  of  ammonia — 

NH,.CA.  HO.CA  +  2H0  =  NH,0  .  C.A,  HO .  • 

Oxamic  acid.  Binoxalate  of  ammonia. 

Oxamic  acid  is  the  representative  of  a  limited  class  of  acids  formed  in  a 
similar  manner.* 

405.  Nitriles. — When  oxalate  of  ammonia  is  mixed  with  anhydrous 
phosphoric  acid  and  distilled,  it  loses  four  equivalents  of  water,  leaving 
cyanogen,  NH,0 .  C,03  -  4H0  =  C,N. 

In  a  similar  manner,  benzoate  of  ammonia  yields  henzonitrile — 
NHp.Ci.HA  -   4H0  =  C„H,N. 

Benzoate  of  ammonia.  Benzonitiile. 

The  new  compound  is  an  oil  which  has  a  powerful  odour  of  bitter  almonds, 
and  is  reconverted  into  benzoate  of  ammonia  by  boiling  with  dilute  acids 
or  alkalies. 

The  term  nitrile  is  appHed  to  all  similar  substances  which  are  derived 
from  ammoniacal  salts  by  the  loss  of  four  equivalents  of  water,  and  are 
capable  of  reconversion  into  those  salts.  It  will  be  remembered  that 
many  of  these  nitriles  are  identical  with  the  cyanides  of  the  alcohol- 
radicals. 

Oxalonitrile,   NC^        =    Cy,  cyanogen. 
'Formonitrile,  NC.H     =    HCy,  hydrocyanic  acid. 
Acetonitrile,    ISIC^Hg    =    C^Hg .  C^F,  cyanide  of  methyle. 
Propionitrile,  NC^Hg    =    C,Hg.C,N,       „  ethyle. 
BenzonitrHe,    NC^^Hg   =    C^^H^.C^N,      „  phenyle. 

A  by  no  means  numerous  class  of  substances,  frequently  spoken  of  as 
the  imides,f  are  obtained  by  the  action  of  heat  upon  the  acid  ammonia 
salts  of  certain  bibasic  acids,  by  the  lossof  four  equivalents  of  water,  thus — 

NH,0 .  HO .  C,„H,,0,    -    4H0    =    NH .  C,,B.,fi,  . 

Bicampliorate  of  ammonia.  Campliorimide. 

406.  If  the  amidea  be  regarded  as  immediately  derived  from  ammonia  by  substi- 
tution, their  want  of  alkaline  properties  must  be  ascribed  to  the  introduction  of  nn 
electro-negative  radical  in  place  of  the  hydrogen  (see  p.  520). 

Thus,  if  oxalic  acid  be  regarded  as  HO  .  (C202)0,  the  hydrated  oxide  of  oxalyle, 
then  oxamide  may  be  viewed  as  ammonia,  in  which  one  atom  of  hydrogen  has  been 

displaced  by  that  radical ;  N  |  ^^^'^^ 

*  Strictly  speaking,  oxalic  acid  beuig  a  bibasic  acid,  2H0 .  Cfia  its  ammonia-salt 
should  be  written  Wllfi  ■  Cfi„,  when  oxaniido  would  become  N^H^ .  Cfi^,  and  the  forniula 
of  oxamic  acid  would  be  doubled,  but  this  would  in  no  way  aftect  the  general  principles 
stated,  in  the  text. 

+  This  de.sigiiation  was  origmally  employed  upon  the  su])position  that  these  bodies  con- 
tain the  imaginary  radical  imidogen,  NH  ;  imd,  in  a  similar  mamier,  the  amides  were 
supposed  to  contam  amidogen,  NH,. 
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Again,  if  bi.'iizoic  acid  and  salicylic  acid,  respectively,  bo  regarded  as  liydrated 
oxides  of  benzoyl,  (Oi^H50„)0 .  HO,  and  of  salicyle,  (0^1150^)0  .  HO,  tlien  their  amides 
would  bo  ropreseuted  as — 

Benzamide,  N  |  ^"^^s^^ 
Salicylamide,  N  | 

and  it  should  be  possihle  to  procure  them  from  ammonia  by  processes  similar  to 
that  which  furnishes  ethylamine,  &c.  It  is  found  that  when  chloride  of  benzoyle  is 
heated  with  ammonia,  benzamide  is  really  produced — 

Ci,H,0,.Cl    +    2NH3    =    NH,.0,,H,0,    +  NH^Cl. 
Chloride  of  benzoyle.  Benzamide. 

But  we  ought  also  to  be  able  to  carry  the  substitution  farther  by  displacing  the 
remaining  hydrogen  ;  accordingly,  when  benzamide  and  salicylamide  are  heated 
together,  ammonia  is  disengaged,  and  benzoyl-salicylamide  obtained — 

fCuHA       rCijiA  fCxAO, 

N\      R        +     {      H        -    N^Ci,H,0,    +  NH,. 

I    H  I    H  in 

Benzamide.  Salicylamide.  Benzoyl-siilicylamide. 

Amides  have  even  been  obtained  in  which  the  three  atoms  of  hydrogen  in 
ammonia  are  displaced  by  different  radicals. 

It  is  evident  that  the  imides  might  be  regarded  as  ammonias  in  which  two  atoms 
of  hydrogen  have  been  replaced  by  a  diatomic  radical,  thus — 

Camphorimide,  N  |  (^20^1  A)" 

and  the  nitriles,  as  ammonias  in  which  all  the  hydrogen  has  been  replaced  by  a 
triatomic  radical,  but  experimental  evidence  is  scarcely  in  favour  of  these  views. 

If  the  amides  be  really  derivatives  from  ammonia,  it  would  be  expected  that 
similar  bodies  should  be  derived  from  phosphuretted  hydrogen  (PH3).  An  exam^Dle 
of  these  is  furnished  by  tribemoyl-phosphide,  ^(G^Jlif)^)^,  which  is  obtained  by  the 
action  of  chloride  of  benzoyle  upon  phosphuretted  hydrogen. 

PH3    +    3(0„H.0,.C1)   =  P(CuHA)3  +    3HC1.  ^ 
Chloride  of  benzoyle.  Tribonzoyl-phosphide. 

407.  Metal-amides. — Tlie  possibility  of  substitutkig  metals  for  the 
hydrogen  in  ammonia  has  only  recently  been  fully  established,  though  it  had 
long  been  known  that  when  potassium  and  sodium  were  heated  in  gaseous 
ammonia,  hydrogen  was  evolved,  and  potassamide  and  sodamide  were 
produced — 

NH3    +    K    =   NH^K    +  H. 

When  potassamide  is  heated,  ammonia  is  evolved,  and  tripotassamide 
(NKj)  produced — 

3(NH,K)    =    NK,    +  2NH3. 

If  ammoniacal  gas  be  passed  into  an  ethereal  solution  of  zinc-othylo, 
hydride  of  ethyle  is  evolved,  and  a  white  amorphous  precipitate  of 
zincamide  separates — 

mi,    +    C,H,.Zn    =    NH,.Zn    +  C,H,.H. 

Zinc-othyle.  Zincamide.  Hydride  of  ctliylo. 

When  zincamide  is  brought  in  contact  with  water,  it  is  decomposed  with 
<'V(jlution  of  heat,  yielding  hydrated  oxide  of  ziac  and  ammonia — 

NH,Zn    +    2H0    -    NH,    +  ZnO.HO. 

The  decomposing  action  of  zinc-ethyle  upon  the  bases  derived  from 
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ammonia  is  parallel  witli  that  ujoou  ammonia  itself.  Thus,  witli 
aniline — 

NH,.C,,H,  +  C,H,Zn  =  NH .  Zn .  CJI,  +  C,H, .  H" 

Aniline.  Zinc-ethyle.  Zinc-phenylimide.        Hydride  of  etiiylc. 

When  the  zinc-phenylLmide  is  treated  with  Avater,  of  course  aniline  is  re- 
produced. 

When  diethylamine  is  heated  with  zinc-ethyle — 

N(C,H,),H  +  C,H,Zn  =  N(C,H,),Zn  +  C.Hg.H. 

Dietliylamine.  Diethylzincamine. 

When  zincamide  is  heated  above  400°  F.,  it  is  decomposed  into  ammo- 
nia and  nitride  of  zinc  (NZUg),  which  represents  ammonia,  in  which  the 
thi-ee  atoms  of  hydrogen  are  replaced  by  zinc — 

3(NH,Zn)    =    NZug    +  2WS.,. 

Zincamide.         Nitride  of  zinc. 

The  nitride  of  zinc  is  a  grey  powder,  which  is  unaffected  by  a  red  heat,  if 
air  be  excluded.  If  it  be  moistened  with  water,  - it  becomes  red  hot, 
beiug  decomposed  with  great  violence,  according  to  the  equation — 

NZng    +    6H0    =   NH3   +  3(ZnO.HO). 
It  might  be  anticipated  that  if  the  amides  be  truly  formed  after  the 
ammonia-type,  they  should  behave  towards  zinc-ethyle  in  the  same  manner 
as  ammonia  and  aniline. 

By  heating  oxamide  with  zinc-ethyle,  one  of  its  atoms  of  hydrogen  may 
be  replaced  by  zinc — 

NHg.C.O,  -f  ZnC.Hg  =  NH.Zn.CA  +  C.H^.H. 

Oxamide.  Zinc-oximide. 

In  a  similar  manner,  acetamide  (NH^ .  C^HgOJ  is  converted  into  ziuc- 
acetimide  (NHZn .  C4II3O2).  These  bodies  are  reconverted  into  their  cor- 
responding amides  and  oxide  of  zinc,  when  treated  with  water. 

*  Derivatives  of  the  Alcohols. 

408.  Chloroform. — Among  the  useful  substances  prepared  from  members 
of  the  alcohol  series,  chloroform  {GMGl.^  occupies  a  prominent  position. 

It  is  prepared  by  distilling  1  part  of  alcohol  with  6  parts  of  chloride 
of  Hme,  and  24  parts  of  water,  until  about  1|  part  has  passed  over; 
the  distUled  liquid,  consisting  chiefly  of  water  and  chlorofoim,  separates 
into  two  layers,  the  heavier  being  chloroform  (sp.  gr.  1  "5).  The  upper 
aqueous  layer  having  been  drawn  ofi"  by  a  sijahon,  the  chloroform  is 
shaken  with  oU  of  vitriol  to  remove  certain  volatile  oils,  which  have  dis- 
tilled over  Avith  it,  and  as  soon  as  it  has  risen  to  the  sui-face  of  the  oil  of 
vitriol,  it  is  drawn  off  and  rectified  by  distillation,  until  it  boils  regularly 
at  142°  F. 

The  chemical  change  involved  in  the  preparation  of  cliloroform  appears 
to  consist  of  two  distinct  stages,  in  the  first  of  which  the  alcohol  is  con- 
verted into  chloral  by  the  action  of  the  clilorine  furnished  by  the  cliloride 
of  lime,  C,H,0,  +  01^  =  C^HCljO^  +  5HC1;  the  hydrochloric  acid  is,  of 

Alcohol.  Chloral. 

course,  neutralised  by  the  lime.  In  the  second  stage,  the  chloral  is  acted 
upon  by  the  hydrate  of  lime,  which  is  always  present  in  couuuercial 
chloride  of  lime,  and  is  converted  into  cliloroform  and  formiate  of  lime, 
C,HCL,0,  +  CaO.HO  =  CaO.CJIOg  +  C  J-ICI3 . 

Foi-miate  of  lime.  Chlorofonii. 
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Chlorofomi  is  remarkable  for  its  very  fragrant  odour,  and  for  the  power 
of  its  vapoirr  to  produce  insensiLUity  to  pain,  for  wliich  pm^pose  it  is 
often  used  in  surgical  operations.  This  property  is  not  peculiar  to  chloro- 
form, but  is  possessed  in  diflx3rent  degrees  by  most  other  liquids  of  power- 
ful ethereal  odour,  such  as  ordinary,  ether,  bisulphide  of  carbon,  bichloride 
(tetrachloride)  of  carbon,  &c.  Chloroform  is  also  used  for  dissolving 
caoutchouc,  which  it  takes  up  more  readily  and  abundantly  than  any 
other  liquid,  and  is  employed  for  extracting  the  poisonous  alkaloids  (par- 
ticiilarly  strychnine),  when  mixed  with  organic  matters.  The  name  clilo- 
roform  has  been  conferred  upon  this  substance  on  the  supposition  that  it 
contained  the  radical  of  formic  acid  (formyle  C^H),  and  it  is  sometimes 
styled  the  terchloride  of  foi-myle.  This  belief  is  encouraged  by  its 
behaviour  with  an  alcoholic  solution  of  potash,  when  it  yields  formiate  of 
potash  and  chloride  of  potassium — 

C,HCL3  +  4(K0.H0)  =  KO.C2HO3  +  3KCI  +  4H0. 

Chloroform.  Formiate  of  potash. 

But  the  processes  by  which  it  may  be  formed  would  lead  us  to  regard  it 
as  a  substitution-product  from  marsh-gas  (hydride  of  methyle,  CjHj .  H). 
K  marsh-gas  be  diluted  with  an  equal  volume  of  carbonic  acid,  and'*  to  1 
volume  of  this  mixture  at  least  l\  volume  of  chlorine  be  added,  chloro- 
form is  slowly  produced,  C^H,  +  Cl^  =  3HC1  +  C^HCl^.  Chloroform  is 
also  formed  by  the  action  of  chlorine  upon  chloride  "of  methyle — 

C,H3C1   +   CI,   -   C,HCl3   +  2HC1. 

Wood-spirit  (hydrated  oxide  of  methyle)  may  be  employed  instead  of 
alcohol  for  the  preparation  of  chloroform. 

If  chloroform  be  distilled  in  a  current  of  chlorine,  it  is  converted  into 
bichloride  of  carbon,  C,HCl3  +  CI,  =  C^Cl,  +  HCl .  When  chloroform 
is  heated  with  amalgam  of  potassium,  acetylene  (C^HJ  is  disengaged, 
which  is  polymeric  with  the  hypothetical  radical  formyle  C._,H . 

Bromoform  (C^HBrj)  and  Iodoform  (CjHLj)  have  no  practical  interest. 

Chloral  (C^HCLjO^),  which  has  been  mentioned  as  resulting  from  the 
action  of  chlorine  upon  alcohol,  may  be  regarded  as  aldehyde  (CjH^O^),  in 
which  3  atoms  of  hydrogen  are  replaced  by  chlorine. 

The  most  interesting  feature  of  chloral,  which  is  a  colourless  oUy  liquid, 
is  its  spontaneous  transformation  into  a  porcelain-like  mass,  which  has  the 
same  composition  as  the  liquid,  and  may  be  reconverted  into  it  by 
distillation. 

409.  Perfume-ethers. — Certain  of  the  compound  ethers,  formed  by  tlie 
combination  of  oxide  of  ethyle  and  its  analogues  with  the  acids  of  the 
acetic  series,  are  employed  in  perfumery  and  confectionery. 

Thus,  the  hutyrate  of  ethyle,  or  hutyi-ic  ether  (C^HjO .  CgHjOj),  pre- 
pared by  distilling  butyrate  of  potash  with  alcohol  and  sulphuric  acid,  has 
a  decided  flavour  of  pine  apples.  Acetate  of  amyle  (Cj„I-IjjO .  C^IljO^)  has 
a  very  strong  resemblance  in  taste  and  smeU  to  the  jargonelle  pear  •  it  is 
obtaiaed  by  distilling  fousel  oil  (hydrated  oxide  of  amyle)  with  acetate  of 
soda  and  sulphuric  acid. 

The  valerianate  of  amyle,  which  lias  tlie  flavour  of  apples,  and  is  Icnown 
as  apple-oil,  is  obtained  by  distilling  fousel  oil  witli  sulphuric  acid 
and  bichromate  of  potash,  when  the  clu-omic  acid  of  the  latter  oxidises  one 
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portion  of  tlie  hydrated  oxide  of  aniyle  (CjyHuO .  HO),  converting  it  into 
valerianic  acid  (CioHgOg.  HO),  wliicli  then  unites  with  another  portion 
of  oxide  of  amyle,  forming  the  valerianate  of  amyle  (C^fi.fi  .  C^^l,f).^. 

410.  Aldehydes —  Vinic  or  acetic  aldehyde. — It  has  been  already  noticed 
(p.  492)  that  a  considerable  loss  of  alcohol  has  occasionally  taken  place  in 
the  manufacture  of  vinegar,  ia  consequence  of  the  formation  of  aldehyde 
(C^HjO.,)  instead  of  acetic  acid  (C^H^OJ  by  a  partial  oxidation  of  the  alcohol. 
In  order  to  prepare  aldehyde  in  quantity,  alcohol  is  distiUed  -with  sulphiiric 
acid  and  binoxide  of  manganese,  or  with  sulphuric  acid  and  bichromate  of 
potash,  or  it  may  be  oxidised  by  cliloriae  in  the  presence  of  water. 

Three  parts  of  binoxide  of  manganese  in  fine  powder  are  introduced  into  a  retort, 
and  a  mixture  of  3  parts  of  sulplmric  acid  and  2  of  water,  whicli  has  been  allowed  to 
cool,  is  poured  upon  it.  2  parts  of  alcohol  (sp.  gr.  -85)  are  then  added,  the  mixture 
very  gently  heated,  and  the  vapours  condensed  in  a  Liebig's  condenser,  or  in  a 
worm  (fig.  196)  supplied  with  iced  water.  If  bichromate  of  potash  be  employed,  3 
parts  of  the  salt  are  introduced  into  the  retort  with  2  parts  of  alcohol.  The  retort  is 
placed  in  cold  water  to  moderate  the  action,  and  a  mixture  of  4  parts  of  sulphuric 
acid  with  three  times  its  volume  of  water  is  allowed  to  flow  slowly  into  the  retort.  A 
very  gentle  heat  may  be  applied  when  the  action  has  moderated. 

In  these  processes  the  alcohol  is  oxidised  according  to  the  equation — 
C,HA    +    0,    =    C,HA    +  2H0. 

Alcohol.  Aldehyde. 

In  the  first  process  the  oxygen  is  derived  from  the  binoxide  of  manganese, 
leaving  sulphate  of  manganese  (MnO  .  SO3)  in  the  retort;  in  the  second 
process,  the  chromic  acid  of  the  bichromate  furnishes  the  oxygen,  sulphate 
of  chromium  (Cr^O., .  SSOg)  being  formed.  As  might  be  expected,  a  portion 
of  the  alcohol  is  oxidised  to  a  liigher  degree,  and  converted  into  acetic 
acid  (C4H4O4),  so  that  some  acetic  ether  comes  over  together  mth  the 
aldehyde.  Another  product,  acetal,  is  also  found  in  the  distillate,  which 
has  the  composition  C^^H^P^,  and  may  be  regarded  as  resulting  from  the 
imion  of  2  eqs.  of  ether  formed  by  a  secondary  action  of  the  sulphuric  acid 
upon  the  alcohol,  with  1  eq.  of  aldehyde  (2C4H5O .  CjH^^)- 

By  redistilling  the  aldehyde  with  an  equal  weight  of  fused  chloride  of  calcium  in 
a  gently  heated  water-bath,  it  may  be  freed  from  most  of  the  water  and  alcohol,  which 
are  left  behind  in  the  retort,  the  boiling  point  of  aldehyde  being  only  67°-8  F.  After 
rectification,  it  may  be  separated  from  the  acetic  ether  and  acetal,  by  taking  advan- 
tage of  its  property  of  combining  with  ammonia  to  form  a  compound  which  ia 
insoluble  in  ether  ;  the  rectified  aldehyde  is  mixed  with  twice  its  volume  of  ether, 
placed  in  a  bottle  surrounded  by  ice,  and  saturated  with  gaseous  ammonia  (p.  117), 
when  white  needle-like  crystals  of  aldehjde-ammonia  (NHg .  C^H^O,)  are  deposited. 
By  distilling  this  compound  with  diluted  sulphuric  acid,  and  condensing  the  vapour 
ill  a  thoroughly  cooled  receiver,  pure  aldehyde  is  obtained,  from  which  the  last  por- 
tions of  water  may  be  removed  by  standing  over  fused  chloride  of  calcium  and  a  final 
distillation. 

Aldehyde  may  be  recogiiised  by  its  peculiar  acrid  odour,  wliich  affects 
the  eyes,  as  well  as  by  its  volatility  and  inflammability.  It  absorbs 
oxygen  from  air  even  at  the  ordinary  temperature,  and  is  gradually  con- 
verted into  acetic  acid.  Its  attraction  for  oxygen  enables  it  to  reduce  the 
salts  of  silver  to  the  metallic  state,  and  a  characteristic  test  for  aldehyde 
consists  in  adding  a  little  nitrate  of  silver  and  a  trace  of  ammonia ;  on 
heating,  the  silver  is  deposited  as  a  mirror  on  the  sides  of  the  test-tube. 
In  contact  with  hydrate  of  potash,  aldehyde  undergoes  decomposition, 
yielding  a  brown  substance  (renin  of  aldehyde)  and  a  solution  of  acetate 
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and  formiatc  of  potash.  By  distillmg  a  mixture  of  these  two  salts,  aldehyde 
may  be  reproduced — 


KO.C,H303    +    K0.C,H03    -    2(K0.C0.,)    +    C,H,0,  • 

Acetate  of  potash.  Fomiiate  of  potash.  Aldeliyde. 

These  reactions  lend  some  support  to  the  opinion,  that  aldehyde  should 
be  represented  as  bemg  framed  upon  the  model  of  a  molecule  of  hydrogen 
(HH),  in  which  the  place  of  one  atom  of  hydi-ogen  is  occupied  by  aceUjle 
(CjH.jO.,),  the  hypothetical  radical  of  acetic  acid.  For  if  formiate  of  potash 
be  distilled  with  hydrate  of  potash,  it  yields  carbonate  of  potash  and  two 
atoms  of  hydrogen,  KO .  aHOg  +  KO.HO  =  2{K0.C0^  +  HH;  and 
if  acetate  of  potash  be  employed  instead  of  the  hydrate,  aldehyde  is 
obtained  instead  of  hydrogen — 

K0.aH03  +  KO.(C,H,0,)0  =  2(K0.C0,)  +  (C,HA)H. 

pnthis  view  it  is  easy  to  explain  the  tendency  of  aldehyde  to  undergo 
oxidation,  both  the  radical,  acetyle,  and  the  hydrogen,  acquiring  oxygen, 
and  forming  acetic  acid,  just  as  hydrogen  is  converted  into  water  by  oxi- 
dation.* 


-Molecule  of  water,  HO .  HO 
Acetic  acid,  (C,H302)0 .  HO 


Type. — Molecule  of  hydrogen,  H .  H  Type.- 
Aldehyde  (hydride  of  ace- 
tyle), C,H30,.H 

As  might  be  anticipated,  it  is  found  that  when  vapour  of  aldehyde  is 
passed  over  heated  hydrate  of  potash  (mixed  with  lime)  it  yields  acetate  of 
potash  and  hydrogen,  C.HgO, .  H  +  KO  .  HO  =  H .  H  -f  KO .  (C,H30,)0. 

By  the  action  of  potassium,  the  atom  of  hydrogen  may  be  displaced  from 
the  aldehyde,  and  the  compound  (C^H302)K  obtained. 

In  contact  with  water  and  sodrum  amalgam,  aldehyde  combines  with 
the  nascent  hydrogen,  and  produces  alcohol.  Chlorine  displaces  three- 
fourths  of  the  hydrogen  from  aldehyde,  producing  cldoral,  C^CljHOj, 
which  has  been  already  noticed  as  yielding  chloroform  when  acted  on  by 
alkalies. 

Perfectly  pure  aldehyde  cannot  be  kept  for  any  length  of  time,  even  in 
sealed  tubes,  since  it  becomes  converted  into  metaldehyde  and  elaldehycU, 
which  have  the  same  composition  as  aldehyde,  but  differ  widely  from  it 
m  properties,  metaldehyde  being  a  crystalline  solid,  and  elaldehyde  a  liquid, 
boiUng  at  201°  F.  The  true  formida  of  elaldehyde  would  appear  to  be 
^la^isO^  for  the  specific  gravity  of  its  vapour  is  4-52,  or  three  times  that 
of  aldehyde  vapour  (1-53).  Metaldehyde  is  reconverted  into  aldehyde 
when  heated  to  400°  F.  in  a  sealed  tube. 

When  aldehyde  is  treated  with  a  saturated  solution  of  bisulphite  of 
soda  (NaO  .  HO  .  2S0,J,  it  forms  a  crystalline  compoimd,  which  is  soluble 
in  water,  but  insoluble  in  the  saline  solution,  and  contains  the  elements 
of  1  cq.  of  the  aldehyde  and  1  eq.  of  the  bisulpliite. 

If  the  view  above  referred  to  is  correct,  whicli  represents  aldehyde  as 
the  hydride  of  acetyle  (the  radical  of  acetic  acid),  each  of  the  acids  belong- 
ing to  the  acetic  series  would  be  expected  to  have  a  correspondino'  alde- 
hyde. Accordmgly,  just  as  acetate  of  lime,  when  distiUed  witli  formiate 
of  lime,  yields  acetic  aldehyde,  so  valerianic,  onantliic,  and  caprylic 

*  Aldehyde  is  also  sometimes  represented  as  the  hydratcd  nxide  of  the  hvdm^nviw.^ 
designated  acetyle  at  p.  520,  wlicn  its  formula  becomes  (C,U,)0  . 110.  ^yc'iooaibon 
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aldeliydes  may  be  obtained  by  distilling  the  corresponding  liine-salts  with 
Ibrmiate  of  lime. 

The  chief  aldehydes  of  this  series  which  have  at  present  been  examined 


Acetic  aldehyde,  . 

Propionic  aldehyde, 

P  TT  O 

Butyric  aldehyde. 

CgHgOj 

Valeric  aldehyde. 

QSuanthic  aldehyde,  . 

Caprylic  aldehyde. 

Butic  aldehyde,  . 

Euodic  aldehyde. 

Laurie  aldehyde. 

The  radicals  corresponding  to  acetyle,  which  may  be  regarded  as  asso- 
ciated wdth  hydrogen  in  these  aldehydes,  have  not,  for  the  most  part,  been 
isolated  ;  a  substance  having  the  same  composition  as  butyryle  (CgH^Oj), 
the  supposed  radical  of  butyric  acid  (CgHgOJ,  has,  however,  been  obtained 
from  that  acid  by  an  indirect  process. 

Acetic,  propionic,  and  butyric  aldehydes  have  been  found  among  the 
products  of  the  oxidising  action  of  a  mixture  of  binoxide  of  manganese 
and  sulphuric  acid  upon  fibrine,  albumen,  and  caseine. 

Valeric  aldehyde  is  obtained,  like  acetic  aldehyde,  by  distilling  the  cor- 
responding alcohol  (amyle-alcohol,  G^^H^^O.^)  with  sulphuric  acid  and 
bichromate  of  potash. 

Capric  (rutic),  euodic,  and  lauric  aldehydes  are  found  in  essential  oil  of 
rue.  The  higher  aldehydes  of  the  series  are  not  so  easily  oxidised  as  those 
containing  a  lower  number  of  carbon  equivalents. 

When  an  aldehyde  is  heated  with  one  of  the  bases  derived  from 
ammonia;  by  the  substitution  of  an  alcohol-radical  for  one  atom  of  hydro- 
gen, the  other  two  atoms  of  hydrogen  of  the  ammonia  are  replaced  by  the 
diatomic  hydrocarbon  of  the  aldehyde ;  thus — 

2NH.,C,Ai    +    2C,,H,,0,    =    4H0    +    ^,{GM.,(C,,-E,,)," . 

Amylamine.  CEnanthic  aldehyde.  Di-CEnanthylene-di-amylamine. 

This  reaction  has  been  recommended  for  the  determination  of  the 
replaceable  (or  typical)  hydrogen  in  organic  bases. 

411.  Acetones. — If  the  Hme  salts  of  the  acids  of  the  acetic  series, 
instead  of  being  distilled  with  formiate  of  lime,  as  for  the  preparation  of 
the  aldehydes,  be  distilled  alone,  or  with  quick-lime,  a  series  of  homo- 
logous products  is  obtained,  each  of  wliich  is  isomeric  with  the  aldehyde 
of  the  series  next  below  it  in  the  table,  though  totally  diiferent  from  that 
aldehyde  in  properties. 

Thus,  by  distilling  acetate  of  lime  with  hme,  the  liquid  acetone 
(CgHjOJ  is  obtained,  which  has  been  akeady  noticed  among  the  products 
of  the  distillation  of  wood — 

2(CaO .  CAO:.)    =    2(CaO.CO„)    +    C.HA  • 

Acetate  of  lime.  Acetone. 

Acetone  has  the  same  composition  as  propionic  aldehyde.    By  similar 

♦  It  will  be  remarked  that  these  aldehydes  are  isomeric  with  the  compound  ethers 
formed  by  their  acids  ;  thus,  acetic  aldehyde  is  isomeric  vnth  acetic  ether,  for— 

2C,HA   =  C,H,O.C,HA 
but  the  sp.  gr.  of  aldehyde  vapour  (1-63)  is  ouly  half  that  of  acetic  ether  vapour  (3-06). 
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processes  the  following  acetones  (or  Icetones,  as  they  are  frequently  called) 
have  been  obtained  : — 

Acetone,  .  .  .  Gfif)^ 

Propione,  .  .  .  CioHmOj 

Butyrone,  .  .  .  CiJIj^Oj 

Valerone,  .  .  .  CigHjgOj 

These  substances  are  allied,  in  some  of  their  properties,  to  the  aldehydes, 
especially  in  forming  crystalline  compoimds  with  bisidphite  of  soda. 
Hence  many  chemists  have  been  led  to  believe  that  they  are  composed, 
like  the  aldehydes,  after  the  model  of  a  molecule  of  hydrogen,  but  that  in 
the  acetones  the  radicals  of  the  corresponding  acids  are  associated,  not 
with  an  atom  of  hydrogen,  but  with  an  atom  of  the  hydrocarbon  radical 
of  the  next  lower  alcohol  Thus,  the  acetone  of  the  acetic  series  (C^Hp^) 
would  be  composed  of  the  radical  acetyle  (C^HgO^)  associated  with  methyie 
(C0H3),  and  this  view  of  its  constitution  is  supported  by  the  formation 
of  acetone,  when  chloride  of  acetyle  is  acted  upon  by  zinc-methyle — 

C,H30,.C1   +    C,H3.Zn    =   C,H30,.C,H3    +  ZnCl. 

Chloride  of  acetyle.        Zinc-methyle,  Acetone. 

In  a  similar  manner,  chloracetene  (resulting  from  the  action  of  chloro- 
carbonic  acid  on  aldehyde)  yields  acetone  when  acted  on  by  methylate  of 
soda  (sodium-methyle-alcohol) — 

(C,H3)C1   +    (C,H3)NaO,   =   NaCl   +  C4H30,.C,H3. 

Chloracetene.         Methylate  of  soda^  Acetone. 

Further  corroboration  is  obtained  by  distilling  a  mixture  of  equivalent 
quantities  of  acetate  and  valerianate  of  potash,  when  an  acetone  is  obtained, 
which  contains  valeryle  (CjoHgOJ,  associated  with  methyie  (C^H,) — 
KO.C,H303  +  K0.C,„H,03  -  2(K0.C0,)  +  C,„HA.C,H,. 

Acetate  of  potash.       Valerianate  of  potash. 

It  will  be  remembered  that  when  acetate  of  potash  is  distilled  with 
hydrate  of  potash,  it  yields  marsh-gas  by  a  precisely  parallel  reaction — 

KO.C,H303   +   KO.HO    =   2(K0.C0,)    +  H.C^Hg. 

Acetate  of  potash.  Marsh-gas. 

Acetone  may  also  be  prepared  by  distilling  sugar  with  eight  times  its 
weight  of  quick-lime,  when  it  is  accompanied  by  another  liquid,  metar,etone, 
C5H.O,  which  differs  from  acetone  in  being  insoluble  in  water.  When 
this  liquid  is  heated  with  bichromate  of  potash  and  sulphuric  acid,  it  is 
oxidised  and  converted  into  metacetoriic  or  propionic  acid,  HO  .  CgHjO.,, 
which  may  also  be  produced  by  the  oxidation  of  acetone. 

412.  The  description  above  given  of  the  properties  of  aldehyde  wiU 
have  recalled  those  of  some  of  the  essential  oils  containing  oxygen.  Thus, 
essential  oil  of  bitter  almonds  (G^JIfi^),  when  exposed  to  aii",  absorbs 
oxygen,  and  is  converted  into  benzoic  acid  {C^^llfi^),  just  as  aldehyde 
(C^il^O.^)  passes  into  acetic  acid  (CJIfi^).  Moreover,  oil  of  bitter 
almonds  forms  a  crystalline  compound  with  bisulphite  of  soda,  similar  to 
that  formed  by  aldehyde,  and  its  conversion  into  this  compound  is  some- 
times resorted  to  in  order  to  obtain  the  pure  oH. 

In  constitution,  also,  oil  of  bitter  almonds  (hydride  of  benzoyle 
Cj.H/J^  ■  H)  closely  resembles  aldehyde  (hydride  of  acetyle,  CJ  1,0^ .  H)' 
and  just  as  the  latter  may  be  obtained  by  (iistilling  acetate  of  potasli  "with 
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formiate  of  potash,  so  "benzoic  aldehyde  (oil  of  hitter  almonds)  may  be 
obtained  from  benzoate  of  potash — 

KO.(CXO.)0  +  K0.C,H03  =  2{K0.C0,)  +  C„HA-H. 

Benzoate  of  potash.  Fonniate  of  potash.  Benzoic  aldehyde. 

Oil  of  hitter  almonds  is  produced,  together  with  some  aldehydes  of  the 
acetic  series  of  acids  (p.  556),  when  certain  albuminous  bodies  are  oxi- 
dised by  sulphuric  acid  and  binoxide  of  manganese. 

When  benzoic  aldehyde  is  acted  on  by  an  alcoholic  solution  of  hydrate 
of  potash,  an  oily  liquid  is  obtained,  which  stands  in  the  same  relation  to 
benzoic  aldehyde  as  alcohol  bears  to  acetic  aldehyde — 

2(C,,HA.H)  +  KO.HO  =  KO.(C,,HA)0  +  C,,H,0,. 

Benzoic  aldehyde.  Benzoate  of  potash.         Benzoic  alcohoL 

The  hydrochloric  ether  of  benzoic  alcohol,  Cj^HjCl,  is  sometimes  called 
chloride  of  henzyle,  the  radical  henzyle,  C^Jly,  being  supposed  to  have  the 
same  relation  to  the  benzoic  series  as  ethyle  has  to  the  acetic  series.  By 
the  action  of  ammonia  upon  chloride  of  benzyle,  henzylamine,  ^^[^(Cj^IL), 
and  t7'i-benzylami.ne,  'N(C^JI,)^,  have  been  obtained ;  the  former  is  isomeric 
with  toluidine,  but  is  by  no  means  identical  with  it,  for  henzylamine  is  a 
liquid  having  basic  properties  far  more  powerful  than  those  of  tolui- 
dine, and  it  is  very  readily  soluble  in  water,  which  dissolves  but  little  of 
the  latter  base. 

The  benzoic  acetone  or  benzone  (Cj^Hj^O,)  has  been  obtained  by  the  distil- 
lation of  benzoate  of  lime.  It  is  often  called  benzoplienone,  being  regarded  as 
an  association  of  henzoyle  with  phenyle,  Cj^HjO^ .  C^^Hj ;  for  when  distilled 
with  hydrate  of  potash,  it  yields  benzoate  of  potash  and  benzole  (hydride 
of  phenyle) — 

C,,HA.C,,H,  +  KO.HO  =  E:0.(C,,HA)0  C^H,.H. 

Benzophenone.  •       Benzoate  of  potash.  Benzole. 

Oil  of  cinnamon  (p.  476)  or  hydride  of  cinnamyle  (C^gHjO^ .  H)  is  the 
aldehyde  of  cinnamic  acid  (Cj^H^Oj) ;  and  essential  oil  of  cummin  contains 
the  aldehyde  (Cg^H^^O.^ .  H)  of  cuminic  acid  (C,|,Hj.-,OJ,  and  yields  cuminic 
alcohol  (C.2oHj^O.^)  when  treated  with  alcoholic  solution  of  potash.  Oil  of 
spiraea  or  hydride  of  salicyle  {C^^fi^ .  H)  is  the  aldehyde  of  salicylic  acid 
(Ci^HgOe).  Hydride  of  anisyle  (CigH.O^ .  H),  obtained  by  the  oxidation 
of  oil  of  aniseed,  is  the  aldehyde  of  anisic  acid  (Cj,jHj,0„),  and  of  anisic 
alcohol  (CiqHjPJ.  These  aldehydes  allow  their  associated  atom  of  hydro- 
gen to  be  displaced  by  chlorine  more  readily  than  the  aldehydes  of  the 
acetic  series,  to  form  chlorides  of  their  respective  radicals  (p.  475). 

Glycol — Polyatomic  Alcohols. 

413.  It  has  been  already  shown  (p.  526)  that  alcohol  may  be  con- 
veniently regarded  as  composed  after  the  fashion  of  a  molecule  of  water 
(H.,0)  in  which  half  the  hydrogen  has  been  displaced  by  ethjde  (^.^HJ ; 
according  to  this  view  alcohol  is  represented  by  the  molecular  formula 
H(O,H5)0  >  fii^d  it  is  a  monafomic  alcohol,  for  it  contains  the  monatomic 
radical  (0.,Hg)'.  But  if,  following  the  same  plan,  a  diatomic  radical,  such 
as  ethylene  (C  JiJ",  were  to  displace  half  the  hydrogen  in  water,  the  dis- 
placement could  not  be  effected  in  less  than  two  molecules  of  water  (HjOj, 
and  a  cUatnmic  alcohol  would  residt. 

Glycol  (C,,H,,OJ  is  the  representative  of  the  diatomic  alcohols,  and  may 
be  regarded  as'  four  equivalents  of  water,  in  which  half  the  hydrogen  is 
replaced  by  ethylene  (H.,(C,H,)"0,).     It  is  obtamed  by  the  action  of 


GLYCOL.  559 

biniotlide  of  ethylene  (formed  by  the  direct  union  of  oleliant  gas  with 
iodiue)  upon  acetate  of  silver — 

2(AgO.C,H303)   +   (C,H,)'X   =   2AgI   +   (C,H,)"0,.  2C,H303 . 

Acetate  of  sUver.  ^eth/lcne.°^  Binacetate  of  glycol. 

The  binacetate  of  glycol  thus  formed  corresponds  to  the  acetic  ether 
((CJ^O -/^AOa)  derived  from  common  alcohol;  but  since  glycol  is 
diatomic,  it  combines  with  two  equivalents  of  acetic  acid.  When  the 
result  of  this  action  is  distilled,  the  binacetate  of  glycol  passes  over  as  a 
colourless  liquid,  which  sinks  in  Avater,  and  boils  at  365°  F.* 

Glycol  can  be  obtained  from  the  binacetate  by  digesting  it  with  hydrate 
of  potash  for  some  time  at  360°  F.,  and  distilling,  when  the  glycol  passes 
over,  its  boiling  point  being  387°  F.  It  is  a  colourless  Hquid,  having  a 
sweet  taste,  whence  it  derives  its  name  (yXvKv^,  sioeet).  Like  common 
alcohol,  it  mixes  with  water  in  aU  proportions,  and  may  be  distilled 
without  decomposition.  It  also  gives  an  inflammable  vapom-,  and  has 
never  been  frozen ;  but,  unlike  alcohol,  it  is  heavier  than  water  (sp.  gr. 
1-125),  and  does  not  mix  with  ether,  though  alcohol  dissolves  it  readily.  ' 

Glycol  is  also  capable  of  uniting  with  one  equivalent  of  acetic  acid, 
forming  the  monacetate  of  glycol,  CJIfi, .  HO  .  C.HjOg,  and  a  remarkable 
compound  has  been  obtained  containing  glycol  in  combiuation  with 
acetic  and  butyric  acids ;  this  acetohutyrate  of  glycol  has  the  composition 
C,HA.C,H30,.C,II,03.  ^ 

The  action  of  hydrochloric  acid  upon  glycol  does  not  perfectly  corres- 
pond with  its  action  upon  common  alcohol,  for  instead  of  yielding  a  chlo- 
ride of  ethylene,  it  gives  a  compound  of  hydrochloric  acid  with  oxide  of 
ethylene — 

H,(C,H,)"0,  +  HCl  =   (C,HJ"0,.HC1  +  2H0. 

Glycol  CMorhydiine  of  glycol. 

By  decomposing  this  compound  with  potash,  the  binoxide  of  ethylene 
{C^Ey0.j  is  obtained,  as  a  colourless  liquid,  which  boils  at  56°  F.,  and  is, 
therefore,  not  identical  with  aldehyde  (wliich  boils  at  68°  F.),  though  it 
has  the  same  composition.  It  is  obvious  that  glycol  might  be  represented 
as  (CJI^yO^ .  2H0,  the  hydrated  binoxide  of  ethylene,  and  this  view  is 
favoured  by  the  circumstance  that  glycol  may  be  formed  by  heating  the 
binoxide  of  ethylene  with  water  ui  a  sealed  tube  ;  but,  on  the  other  hand, 
when  glycol  is  treated  with  chloride  of  zinc,  to  dehydrate  it,  ordinary  alde- 
hyde (C^H^OJ,  and  not  the  ethylenic  binoxide,  is  produced. 

By  the  action  of  pentachloride  of  phosphorus  upon  glycol,  the  bichloride 
of  ethylene,  or  Dutch  Hquid,  is  obtained — 

H,(C,H,)"0,  +   2PCI3  =   (C,H,)"C1,  +   2HC1   +  2PO,Cl3. 

Glycol.  Bichloride  of  O.xychloride  of 

ethylene.  pliosplionis. 

It  wiU  be  observed  that  this  equation  is  the  exact  counterpart  of  that 
which  represents  the  action  of  pentacldoride  of  phosphorus  upon  water ' 
substituting  diatomic  ethylene  for  monatomic  hydrogen   ' 

n,(H,)"0,    +   .2PC1„    =    (I-g"Cl,    +    2HC1    +  2PO,Cl3. 
Sodium  acts  upon  glycol  in  the  same  manner  as  upon  ordinary  alcohol 
but  in  consequence  of  the  di-atomic  character  of  glycol,  the  reaction 

*  Miquid  isomeric  with  binacetate  of  glycol,  hut  boilinc  nt  336°  F   is  oJitninorl      i,  , 
ing  aldehyde  in  a  sealed  tid)0  with  acetic  aidiydridc.  '  heat- 


5G0 


LA.CTIC  SEEIES  OF  ACIDS. 


takes  place  in  two  stages,  producing,  successively,  mono-socUum  glycol, 
riNa(C,H,)"0„  and  di-sodium  glycol,  Na,(C,H,)"0„  both  wliich  are  solid. 

When  glycol  is  exposed  to  the  action  of  oxygen  in  the  presence  of 
platinum-black,  or  when  it  is  cautiously  oxidised  with  nitric  acid,  it  be- 
comes converted  into  glycolic  acid,  CJlf)^,  which  bears  the  same  relation 
to  it  as  acetic  acid  bears  to  common  alcohol,  as  will  be  evident  from  the 
following  equations 


H(C,H,).0, 

Alcohol. 

H,(C,H,r.O, 

Glycol. 


+  0. 


04  - 


H(C,H30,) .  0,     +  2H0 

Acetic  acid. 

H,(C,HA)".0,  +  2H0 

Glycolic  acid. 


in  which  the  change  consists,  in  both  cases,  in  the  substitution  of  Og  for 
H.,  in  the  radical  of  the  alcohol,  acetic  acid  bemg  formed  upon  the  tjjpe 
of  two  equivalents  of  water  (H^O.,)  in  which  H  is  replaced  by  C^H^O.,, 
and  glycolic  acid  upon  the  type  of  four  equivalents  (H^OJ,  in  Avhich  H, 
are  replaced  by  If  the  oxidation  with  nitric  acid  be  can-ied 

farther,  the  remainder  of  the  hydrogen  in  this  last  radical  is  replaced  by 
oxygen,  and  oxalic  acid  is  produced — 

H,(C,HAr.O,    ^    0,    =    H,(CAr.O,    +  2H0. 

Glycolic  acid.  Oxalic  acid. 

By  the  action  of  nascent  hydrogen  upon  oxalic  acid,  the  0„  in  the 
radical  may  be  again  displaced  by  H^,  so  that  glycoHc  acid  is  reproduced. 

Glycolic  acid  forms  a  syrupy  liquid  which  resembles  lactic  acid,  but  is 
distinguished  from  it  by  bemg  precipitated  with  acetate  of  lead.  Unlike 
oxalic  acid,  glycolic  is  a  monobasic  acid,  only  one  equivalent  of  its  hydro- 
gen being  replaceable  by  a  metal.  Glycolic  acid  is  found  together  with 
oxalic  acid  among  the  products  of  the  action  of  nitric  acid  upon  alcohol 
in  the  preparation  of  fulminate  of  mercury,  which  is  easily  accoimted  for 
by  the  connection  between  alcohol  and  ethylene,  which  is  best  exhibited 
by  writing  the  formula  of  alcohol  (C^H^) .  2H0. 

Glycolic  acid  is  the  first  member  of  a  series  of  homologous  acids,  of 
which  the  most  important  is  lactic  acid,  these  acids  standing  in  the  same 
relation  to  the  glycols  in  which  the  members  of  the  acetic  series  stand  to 
the  alcohols. 

Lactic  Series  of  A  cids. 


Name. 

Equivalent 
Formula. 

Source. 

Glycolic  acid, 
Lactic  acid, 
Butylactic  acid,  . 

Valerolactic  acid,  | 
Leucic  acid, 

Oxidation  of  glycol  and  of  alcohol. 
Fermentation  of  cane  and  milk  sugars. 
Oxidation  of  butyl-glycol. 
( Decomposition   of  bromo-valerianic 
1        acid  with  oxide  of  silver. 
Action  of  nitric  acid  on  leucine. 

-    It  wm  De  ODserveu  tuat  mcHe  aciu.s  tuc  iiiui^iiui...ii«ij^,  — 
the  number  of  equivalents  of  oxygen  wliich  they  contain,  between  the 
acetic  and  the  oxalic  series  of  acids ;  thus- 


Acetic  acid, 
Glycolic  „ 
Oxalic 


C,H,0, 
C,H,0« 


C.H.O 


Propionic  acid, 
Lactic  ,, 
Malonic 


  ,,  . 

*,  The  aldehyde  of  glycol,  glf/oxal,  C^lljO,,  is  found  among  the  products  of  the  decom- 
position of  nltro\i.s  ether  iu  contact  with  water. 
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These  three  series  of  acids,  therefore,  present  a  relation  to  each  other 
similar  to  that  between  the  three  series  of  alcohols,  represented  by — 

Vinic  alcohol,  .  .  C^B.fi, 
Glycol,  .  .  .  C,H,0, 
Glycerine,        .       .  C,B.fi, 

Just  as  acetic  and  glycolic  acids  are  formed  by  the  oxidation  of  alcohol 
and  glycol,  so  the  oxidation  of  glycerine  by  nitric  acid  furnishes  glyceric 
«c.V?,  C,H,0,  . 

The  transition  from  the  oxalic  series  to  the  lactic  series  of  acids  has 
been  effected  in  the  case  of  leucic  acid,  which  has  been  artificially  formed 
from  oxalic  acid,  by  converting  it  into  oxalic  ether,  and  acting  upon  this 
with  zinc-ethyle,  when  leucic  ether  is  obtained,  from  which  leucic  acid  is 
easily  prepared.  The  reaction  is  rendered  intelligible  if  the  two  acids  be 
thus  formulated — 

Oxalic  acid,  .  '     .  C^H^Og 
Leucic    „     .       .  C,H;(C,H,),0« 

from  which  it  appears  that,  neglecting  intermediate  stages,  the  zinc  of  the 
zmc-ethyle  removes  two  equivalents  of  oxygen  from  the  oxalic  acid,  leav- 
ing two  equivalents  of  ethyle  ia  their  stead,  so  that  leucic  acid  may  be 
regarded  as  diethoxalic  acid,  or  oxalic  acid  containing  two  equivalents  of 
ethyle  instead  of  two  equivalents  of  oxygen.  If  oxalate  of  methyle  be 
substituted  for  oxalate  of  ethyle  ia  this  experiment,  leucate  of  methyle, 
CjHjO  .  C^gHjjOg,  is  obtained,  and  when  this  is  decomposed  by  baryta,  and 
the  leucate  of  baryta  treated  with  sulphuric  acid,  fine  crystals  of  leucic 
acid  are  obtained  which  are  readily  soluble  in  water,  alcohol,  and  ether, 
and  sublime  slowly  at  the  ordinary  temperature.*  By  the  reaction  be- 
tween iodide  of  methyle,  oxalate  of  methyle,  and  amalgamated  zinc, 
dimethoxalic  acid,  has  been  obtained,  which  may  be  re- 

garded as  oxalic  acid  containing  two  equivalents  of  methyle  in  the  place 
of  two  eqmvalents  of  oxygen.  Dimethoxalic  acid  is  isomeric  with  buty- 
lactic  or  acetonic  acid  (CgHgOg) ;  it  crystallises  in  prisms  resembling  those 
of  oxalic  acid,  which  may  be  subHmed  at  122°  F.,  and  volatiHse  slowly 
even  at  the  ordinary  temperature. 

From  the  other  hydrocarbons  of  the  olefiant  gas  series  (p.  515),  glycols 
may  be  prepared  by  processes  similar  to  that  which  furnishes  ethylene- 
glycol.  Thus  propylene  (CgHj  yields  ijropylene-ghjcol,  H.,(C„H,.)".  0^ ; 
butybne  (C,Hg),  buhjlene-glycol,  H,(CgH,)".  0^ ;  amylene  (CioHio),  am7j- 
lene-glycol,  0^ ;  it  is  a  very  remarkable  circumstance  that  the 

boiling  points  and  specific  gravities  of  these  liquids  decrease  as  the  com- 
plexity of  the  formula  increases,  which  is  quite  contrary  to  ordinary 
experience;  thus  amylene-glycol  {G^^^fi)  has  the  sp.  gr.  0-987,  and 
boils  at  351°  F.,  whilst  propylene-glycol  (C^HgOJ  has  the  sp.  gr.  1-051, 
and  boils  at  371°  F. 

When  propylene-glycol  is  slowly  oxidised,  it  is  converted  into  lactic 
acid,  exactly  as  glycol  is  converted  into  glycolic  acid — 

H,(C„H„r.O,    +    O.,    =    H,(C„H,0/'.  0,    -f  2H0. 

Propylene-glycol.  Luetic  acid. 

The  difference  between  the  diatomic  character  of  glycol  and  the  mona- 

*  It  is  .snirl  that  this  lenoio  acid,  thmigli  closely  resembling  that  obtained  from  ox-ilic 
etlier,  is  not  iilentioiil  with  it.  -  ^ 

2  N 
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tomic  character  of  ordinary  alcohol,  is  strongly  marked  in  their  behaviour 
with  the  organic  acids,  for  whilst  the  monatomic  alcohol  yields  (with 
monobasic  acids)  only  one  series  of  compound  ethers  containing  one  equi- 
valent of  acid,  the  diatomic  glycol  yields  two  series  containing  respectively 
one  and  two  equivalents  of  acid ;  thus  we  have  monacetate  of  glycol 
(C,H,)"0, .  HO .  C,H303,  and  binacetate  of  glycol,  (C,H,)"0, .  2C,H303. 
In  the  last  series,  it  is  not  necessary  that  the  two  equivalents  should  con- 
sist of  the  same  acid,  as  may  be  seen  in  the  acetobutyrate  of  glycol, 
{CfiX^2  •  C4H3O3 .  CgHjOj,  in  which  the  glycol  is  combined  with  acetic 
and  butyric  acids. 

Just  as  polyatomic  ammonias  are  formed  upon  the  type  of  several  atoms 
of  ammonia,  so  polyatomic  alcohols  may  be  produced  by  the  substitution 
of  compound  radicals  for  hydrogen  in  a  multiple  alcohol  type.  Thus,  by 
heating  glycol  in  a  sealed  tube  with  binoxide  of  ethylene,  di-ethijlene- 
trialcohol,  H,(e,H,)",e3,  is  produced,  which  is  formed  upon  the  type  of 
three  molecules  of  alcohol,  H3(e2H5)3e3.  In  a  simUar  manner,  tri-ethy- 
lene-tetralcohol,  'SL.l^^^.^Q^,  is  forined  upon  the  quadruple  alcohol  type 

It  wiil^be  seen  hereafter  that  glycerine  (CgHgOg),  the  sweet  principle  of 
oils  and  fats,  is  a  triatomic  alcohol,  formed  upon  the  type  of  three  mole- 
cules of  water  in  which  haK  the  hydrogen  is  replaced  by  the 
triatomic  radical,  (63H5)'",  glyceryls,  the  molecular  formula  of  glycerme 
being  H3(e3H,)'"03. 

It  is  easy  to  convert  a  diatomic  into  a  monatomic  alcohol ;  for  example, 
if  the  chlorhydrine  of  glycol  be  treated  with  amalgam  of  sodium  in  the 
presence  of  water,  it  becomes  converted  into  ordinary  (monatomic)  alcohol — 
C,H,C10,    +    HO    +    Na,    =    C,H,0,    +    NaO    +    NaCl . 

CWorhydrina  AlcohoL 
of  glycol. 

The  relation  of  the  alcohols  to  water  as  their  primary  type  is  here 


exhibited — 

H  ) 

Type,  one  molecule  of  water,  H^O,        =       H  | 

H  } 

Vinic  alcohol,  CJ3.fi^  =       (C4H5)'  J  ^ 

H  ) 

Type,  two  molecules  of  water,  H^^      =       H^  j  * 

Glycol,  C,H A  =  (C^J"}' 

Type,  three  molecules  of  water,  Kfig     =  >  O^ 

Diethylene-trialcohol,  CsHioOg       =        (C^T^y^ } 

(C^Hj)"J 

H,  ) 

Glycerine,  CAOo  =        (C,ft)'"  / 

Type,  four  molecules  of  water,  HgOg      =        H^  } 

H,  ) 

Triethylene-tetralcohol,  C^Hj^Og    -        {CJiy'3  / 


ACETATES — ACETONE. 


568 


The  compoimds  formed  by  the  action  of  acids  upon  these  alcohols  would 
then  be  represented  by  such  formulai  as  the  foUowing : — 

Acetic  ether,  ....  ^^'^'^y}o, 
Monacetate  of  glycol,  .    .  }  0, 

Binacetate  of  glycol,  .    .  ^^'(CA)''}^' 

Acetobutyrate  of  glycol,         (CJI^O,)'  }  0, 

(C,HJ"J 

Monacetine,     ....  ^^''^'^^^^  j  0, 

Diacetine,  ^^tC-H]^}°« 

Triacetine,  


ACETIC  ACID— THE  FATTY  ACID  SEEIES. 

414.  The  most  useful  of  the  acids  belonging  to  the  acetic  series  {see 
p.  514)  is  acetic  acid  itself,  the  preparation  of  which  has  been  already  de- 
scribed. 

Many  of  its  salts  are  extensively  employed  in  the  arts.  Acetate  of 
alumina  (Al-jOg .  SC^HgOJ  is  used  as  a  mordant  by  the  dyer  and  calico- 
priater.  Acetate  of  lead  or  sugar  of  lead  (PbO .  C4H3O3,  3Aq.)  is  pre- 
pared by  dissolving  litharge  (PbO)  in  an  excess  of  acetic  acid,  when  the 
solution  deposits  prismatic  crystals  of  the  acetate  which  are  easily  dis- 
solved by  water  and  alcohol. 

Goulard! s  extract,  or  trihasic  acetate  of  lead,  is  prepared  by  dissolving 
litharge  in  solution  of  acetate  of  lead ;  it  may  be  obtained  in  needle-lUce 
crystals,  which  have  the  composition  (3PbO  .  C^HjOg,  HO). 

Verdigris,  or  basic  acetate  of  copper  (2CuO  .  C^H303,  6H0),  is  prepared 
by  piliag  up  sheets  of  copper  with  layers  of  fermenting  husks  of  grapes 
(the  marc  of  the  wine-press),  when  the  oxide  of  copper,  formed  at  the  ex- 
pense of  the  oxygen  of  the  air,  combines  with  the  acetic  acid  furnished 
by  the  oxidation  of  the  alcohol. 

Acetone  {C^fl^O^  is  obtained  by  the  destructive  distillation  of  acetate 
of  lime — 

2(CaO .  C^nPg)    =     2(CaO.CO,)    +  C,,H,A 

Acetate  of  lime.  Acetone. 

a  decomposition  which  possesses  some  general  interest  since  the  lime-salts 
of  the  other  acids  of  the  acetic  series  yield  ketones  in  a  similar  manner 
[see  p.  556). 

The  acetone  thus  obtained  is  an  ethereal  liquid  lighter  than  water,  boil- 
ing at  133°  F.,  and  burning  with  a  luminous  flame.  It  is  easily  miscible 
with  water,  but  separates  when  hydrate  of  potash  is  added,  rising  to  the 
surface. 

Under  the  action  of  chlorine,  acetic  acid  loses  an  atom  of  hydrogen, 
taking  chlorine  in  its  place,  and  forming  chloracetlc  acid,  HO .  C^HXIO^  f 
*  Bichloracetic  acid,  HO .  C.HCljO,,  has  recently  been  obtained. 

2  N  2 
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and  if  the  action  be  promoted  by  sun-light,  tricliloracetie  acid  may  be 
formed,  HO .  C^Cl^O^,  which  may  be  crystallised.  This  latter  acid  has  a 
peculiar  interest  on  account  of  its  being  concerned  in  the  production  of 
acetic  acid  from  inorganic  materials,  which  was  one  of  the  first  examples 
of  the  actual  synthesis  of  organic  compounds. 

By  passing  vapour  of  sulphur  over  red-hot  carbon,  bisulphide  of  carbon, 
CSj,  is  formed.  "When  this  is  boiled  with  a  mixture  of  hydrochloric  and 
nitric  acids,  a  white  crystalline  substance  is  obtained,  which  contains 
CSCl„Oo.  By  passing  the  vapour  of  this  substance  through  a  red-hot 
tube  it  suffers  decomposition,  and  liquid  protochloride  of  carbon,  C4CI4,  is 
found  among  the  products — 

4CSC1.A    =    C,C1,    +     CI,    -I-  4S0,. 

By  exposing  this  chloride  of  carbon,  in  the  presence  of  water,  to  the 
action  of  chlorine  encouraged  by  sunlight,  trichloracetic  acid  is  obtained — 

C,Q,\    +    4H0    +    CI,    =    HO.C.CiPa    +    3HC1 . 

By  acting  upon  the  solution  of  trichloracetic  acid  with  amalgam  of  potas- 
sium, acetate  of  potash  is  formed — 

HO.C.ClgO,  +  K„  +  4H0  =  KO.C.HPg  4-  2(K0.H0)  +  3KC1. 

TricWoracetic  acid.  Acetate  of  potasli. 

From  the  acetate  of  potash,  of  course,  acetic  acid  is  readily  obtained. 

The  synthesis  of  acetic  acid  has  been  eff'ected  in  a  simpler  maimer  by 
the  action  of  chlorocarbonic  acid  upon  marsh-gas,  when  hydrocliloric  acid 
and  acetic  oxychloride  are  formed — 

C,H,    +    2C0C1    -    (C,H30.,)C1    +  HCl. 

Acetic  oxycliloride. 

When  the  acetic  oxychloride  is  decomposed  by  water,  acetic  acid  is  pro- 
duced— 

(C,H30,)C1    +    2H0    =    H0.C,HP3    +  HCl. 

This  appears  to  be  an  example  of  a  general  method  of  synthesis  of  the 
volatile  fatty  acids,  starting  from  the  marsh-gas  hydi-ocarbons  derived  from 
them ;  thus,  hydride  of  amyle,  Cj^Hj^,  treated  in  a  similar  manner,  yields 
caproic  acid,  HO  .  Cj^Hj^Og. 

415.  Anhydrides  of  organic  acids — Acetic  anhydride. — The  course  of 
investigation  by  which,  of  late  years,  much  Hght  has  been  thi-own  upon 
the  true  constitution  of  acetic  acid,  and  therefore  of  many  other  organic 
acids,  is  of  a  very  instructive  character.  The  strongest  acetic  acid  which 
can  be  prepared  {see  p.  466)  is  known  as  glacial  acetic  acid,  from  its  crys- 
tallising in  icy  leaflets  at  about  55°  F.  This  acid  has  the  composition 
C^H^O^ ;  but  if  it  be  neutralised  with  carbonate  of  soda,  the  acetate  of 
soda  obtained  has  the  formula  NaO  .  C^H^O.,,  showig  that  the  elements 
of  an  equivalent  of  water  have  been  removed  from  the  acid  in  the  act  of 
combining  with  the  soda.  This  has  led  chemists  to  regard  ordinary 
acetic  acid  as  hydrated  acetic  acid,  a  compoimd  of  water  with  anhydrous 
acetic  acid,  C^  f).^ ;  but  all  attempts  to  obtain  this  body  by  the  abstrac- 
tion of  water  from  acetic  acid  have  failed  entirely.  The  application  of 
the  principle  of  substitution  or  displacement,  however,  has  broiiglit  this 
substance  to  light. 
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When  acetic  acid  is  distilled  with  terchloride  of  phosphorus,  a  colourless, 
very  pungent  liquid  is  obtained,  which  is  commonly  spoken  of  as  acetic 
oxijdiluride,  CJ:ip.p\,  and  may  be  regarded  as  the  anhydi-ous  acetic  acid 
from  whicli  one  equivalent  of  oxygen  has  been  removed,  the  vacancy 
being  fiUed  up  by  an  equivalent  of  chlorine — 

2[HO.(C,H30,)0]  +  PCI3  =  HO  +  HCl  +  PO3  +  2[(C,H30,)C1]  . 

Acetic  acid.  Acetic  oxychloride. 

That  this  acetic  oxychloride  (or  cJiloride  of  acetyle)  really  bears  a  very 
close  relationship  to  acetic  acid,  and  is,  in  fact,  composed  after  the  same 
type,  is  shown  by  the  action  of  water,  which  at  once  rejoroduces  the  acetic 
acid,  exchanging  its  oxygen  for  the  chlorine  of  the  oxychloride — 

(C.HpjCl    +    2H0    =    HO .  (C,H30,)0    +  HCl 

Acetic  oxychloride.  Acetic  acid. 

but  the  GjHjOj  thus  formed  combines  immediately  with  an.  equivalent  of 
water  to  form  the  hydrated  acetic  acid.  The  action  takes  place  with 
explosive  violence. 

If  hydrate  of  potash  be  allowed  to  act  upon  the  chloride  of  acetyle,  it 
is  the  potash  which  exchanges  its  oxygen  for  the  chlorine,  whilst  the 
water,  as  before,  enters  iato  combination  with  the  C^H303 — 

(C,H30,)C1    +    KO.HO    -    H0.(C,H30,)0    +    KCl . 

But  if  acetate  of  potash  (KO .  C4H3O3)  be  employed  instead  of  hydrate 
of  potash,  the  potash  stdl  exchanges  its  oxygen  for  the  chloriae ;  but  the 
C4H3O3  with  which  it  was  combiued,  enters  into  combination  with  the 
C^HjOa  formed  duriug  the  reaction,  and  thus  produces  a  double  atom  of 
the  radical  supposed  to  exist  in  acetic  acid,  and  commonly  spoken  of  as 
acetic  anhydride — 

(C^OJCl    +    KO.CAO3    =    C,H303.C,H303    +  KCl. 

Acetic  oxychloride.  Acetate  of  potash.  Acetic  anhydride. 

Acetic  anhydride  has  also  been  obtained  by  heating  dry  acetate  of  lead 
or  of  silver  with  bisulphide  of  carbon  in  a  sealed  tube  to  about  320°  F. 
for  several  hours,  the  tube  being  occasionally  opened  to  relieve  the  pres- 
sure of  the  carbonic  acid  evolved — 

2(PbO .  CAOa)    +    CS,    -    2PbS    +    CO,    +  2(C,H30.). 

The  acetic  anhydride  is  a  neutral  oily  liquid  which  may  be  distilled  olf 
in  the  above  experiment.  Its  smell  recalls  that  of  acetic  acid,  but  affects 
the  eyes  strongly.  It  sinks  in  water,  but  dissolves  slowly,  with  evolution 
of  heat  and  formation  of  hydrated  acetic  acid.'* 

The  most  convincing  proof  that  this  anhydiido  is  really  an  association 
of  two  atoms  (each  representing  two  volumes  of  vapoiu:  (0  =  1  volume)) 
is  obtained  by  acting  upon  the  acetate  of  potash  with  the  benzoic  instead 
of  the  acetic  oxychloride,  when  a  benzo-acetic  anhydride  is  formed,  con- 

♦  If  acetic  anhydride  be  heated  with  an  excess  of  binoxide  of  barium,  it  yields  acetate  of 
baryta,  carbonic  acid,  and  methyle  gas  (]>.  519). 

2(CJi A)    +    li'iO^   =   BaO .  CJIaO,    +    C,H,    +,   2C0,  . 
By  absorbing  the  carbonic  acid  with  potash,  the  pure  methyle  gas  is  easily  obtained. 
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taming  benzoic  anhydride  (CiJijO,)  in  combination  with  acetic  anhydride 
(C,,HA)C1    +    KO.C,H303    =    KCl    +    C^.TLfi,.  CJlfi, 

Benzoic  Acetate  of  Benzo-acetic 

oxycMoride.  potasli.  anhydride. 

and  the  true  nature  of  this  double  anhydride  is  seen  by  its  conversion  into 
a  mixture  of  hydrated  benzoic  and  acetic  acids  when  left  in  contact  with 
water. 

By  methods  similar  to  that  employed  for  acetic  acid,  the  anhydrides  of 
many  other  organic  acids  may  be  obtained,  being  thus  removed  from  the 
list  of  hypothetical  compounds  to  take  their  places  among  recognised  forms 
of  combination. 

The  mode  of  formation  of  these  anhydrides,  however,  occasions  serious 
doubt  as  to  the  propriety  of  regarding  the  acids  in  their  ordinaiy  form  as 
hydrates,  or  compounds  containing  water.  If  acetic  acid,  for  example,  be 
really  a  hydrate  of  the  radical  CJi.fi^,  why  are  we  unable  to  remove  the 
water  by  the  application  of  some  dehydrating  agent,  instead  of  having 
recourse  to  the  above  circuitous  process  1  The  answer  appears  to  be,  that 
the  acetic  anhydride  is  really  formed  by  a  process  of  substitution,  and  is 
not  to  be  regarded  as  pre-existent  in  the  ordinary  acetic  acid. 

Ordinary  acetic  acid  may,  with  great  advantage  for  explaining  many 
points  in  its  history,  be  regarded  as  composed  after  the  type  of  two 
equivalents  of  water  in  which  half  the  hydrogen  is  replaced  by  the  com- 
pound group  C4H3O2 — 


HO.C,H303  =  ^^5^^ 


The  composition  of  the  acetic  oxychloride  (C^HgO^Cl),  and  of  acetamide, 
NHj .  C4H3O2,  speaks  strongly  in  favour  of  this  view. 

Acetate  of  potash  would  then  be  represented  by  the  formula — 

C^HAjo^  =  KO.C,H303 

being  formed  from  acetic  acid  by  the  substitution  of  potassium  for  the* 
hydrogen ;  and  if'  we  represent  hydrate  of  potash  upon  the  water-type,  its 
behaviour  with  acetic  acid  would  be  thus  expressed — 

i)o.  .  CAO.}o.=  CAO.|o^  ^  H|o^ 

^potash."^  Acetic  acid.  Acetate  of  potash.  AVater. 

The  formation  of  the  double  anhydride  by  the  action  of  the  acetate  of 
potash  upon  acetic  oxychloride,  would  then  consist  simply  in  the  substitu- 
tion of  the  C4H3O2  in  the  latter  for  the  K  in  the  former — 


Acetate  of  Acetic  Acetic 

potash.  oxychloride.  anliydride. 


and,  upon  the  same  principles,  the  formation  of  the  benzo-acetic  anliydride 
would  be  thus  represented — 


c.|A|o,  +  c,H„o,ci  -(f;S;;o;}o.  +  ™ 


Acetate  of  Benzoic  Bcnzo-aecHc 

potash.  oxychloride.  anhydride. 
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Peroxides  of  organic  radicals. — Considerable  support  has  been  offered 
to  this  view  of  the  constitution  of  the  organic  acids,  by  the  discovery  of 
certain  compounds  which  bear  the  same  relation  to  tire  anhydrides  as 
binoxide  of  hydrogen  bears  to  water. 

When  binoxide  of  barium  is  acted  on  by  hydrochloric  acid,  chloride 
of  bai'ium  and  binoxide  of  hydrogen  are  formed — 

BaO^    +    HCl    =    BaCl    +  HO,. 

If  binoxide  of  barium  be  acted  on  by  benzoic  oxychloride  (chloride  of 
benzoyle),  the  products  are  chloride  of  barium  and  benzoic  peroxide 
(binoxide  of  benzoyle) — 

BaOa    +     (Cj,H,0,)Cl    =    BaCl    +     (C,,H,0.,)0,  . 

The  benzoic  peroxide  may  be  obtained  in  fine  crystals  from  its  ethereal 
solution,  but  Hke  the  binoxide  of  hydrogen,  it  is  easily  decomposed  at 
about  2 1 2°  F.  mth  explosive  violence.  By  the  action  of  alkalies,  it  is  resolved 
into  benzoic  acid  and  oxygen,  just  as  binoxide  of  hydrogen  yields  water 
and  oxygen — 

(C,,HA)0,    +    KG    =    KO.(C,,HA)0    +  0. 

By  acting  upon  acetic  anhydride  with  binoxide  of  barium,  the  acetic  per- 
oxide (or  biaoxide  of  acetyle)  is  obtained — 

BaO,    +    2(C,HA)0    =    BaO .  (C.HjOJO    +    (C,Hp.,)0,  . 

Acetate  of  baiyta.  Acetic  peroxide. 

The  acetic  peroxide  is  an  oily  liquid,  insoluble  in  water,  and  exploding 
with  great  violence  when  heated.  It  has  the  powerful  oxidising  pro- 
perties which  would  be  expected  from'its  chemical  resemblance  to  binoxide 
of  hydrogen.  The  true  relationship  between  these  substances  is  best  seen 
in  their  atomic  formulae — 

H,e;     HA;     (e,H3^),e ;  {^,^,^\%. 

Water.       p^oxide       Acetic  anhydride.       Acetic  peroxide. 

416.  Formic  acid  (HO .  C^HOg)  is  regarded  with  ^eat  interest  by  the 
chemist,  from  its  occurrmg  both  in  the  animal  and  Vegetable  Idngdoms, 
and  from  the  ease  with  which  it  may  be  artificially  obtained.  This  acid 
is  found  in  the  leaves  of  stinging-nettles,  and  was  originally  obtained  by 
distilling  the  red  ants  {formica  rufa),  whence  it  derives  its  name. 

It  has  long  been  prepared  ia  laboratories  by  the  oxidation  of  various 
organic  substances,  particularly  by  distilling  starch  with  binoxide  of 
manganese  and  sulphuric  acid.  Another  more  modern  process,  which 
yields  it  more  abundantly,  consists  in  distilling  dried  oxalic  acid  with 
enough  glycerine  to  cover  it,  in  a  water-bath,  when  it  is  resolved  into 
carbonic  acid  and  formic  acid — 

2(H0.CA)    =    HO.C,HO.,    +  2C0,. 

Oxalic  acid.  Formic  acid. 

The  glycerine  appears  to  act  by  producing  an  unstable  compormd  with 
the  formic  acid  (analogous  to  the  stearines  and  acetines,  see  p.  575),  which 
in  afterwards  decomposed.  The  solution  of  formic  acid  thus  obtained  con- 
tains 75  per  cent,  of  true  hydrated  formic  acid.  If  dried  oxalic  acid  be 
heated  in  the  aqueous  formic  acid,  and  the  solution  allowed  to  crystallise, 
the  oxalic  acid  retains  the  water,  and  when  the  liquid  is  decanted  from 
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the  crystals  and  distilled,  pure  liydrated  formic  acid  is  obtained,  and  may 
be  crystallised  at  a  low  temperature. 

But  th.e  most  remarkable  method  of  obtaining  formic  acid  is  that  in 
■which  it  is  formed  from  inorganic  materials.  When  formic  acid  is  heated 
with  strong  sulphuric  acid,  it  is  resolved  into  water  and  carbonic  oxide, 
HO .  C^HOg  =  2H0  +  2C0  . 

It  might,  therefore,  be  expected  to  be  reproducible  by  the  combination  of 
those  two  substances,  and  accordingly,  if  moistened  hydrate  of  potash  be 
heated  for  some  hours  to  212°  F.  in  a  flask  filled  with  carbonic  oxide,  the 
gas  is  absorbed,  and  formiate  of  potash  produced,  from  which  the  formic 
acid  may  be  obtained  by  distillation  with  diluted  sulphuric  acid — 

KO.HO    +    2C0    =  K0.C,H03. 

Formiate  of  potash. 

This  is  a  far  simpler  example  of  the  synthesis  of  an  organic  compound 
from  inorganic  materials  than  that  of  acetic  acid  above  referred  to,  and 
since  the  carbonic  oxide  may  be  prepared  by  heating  carbonate  of  baryta 
with  metallic  iron,  this  method  of  synthesis  is  quite  independent  of  any 
organic  source  of  carbon.  Ethylate  of  soda,  ISTaO .  C^H^O,  also  absorbs 
cajbonic  oxide,  forming  ethyl-formiate  of  soda,  '^&0  .CJ^G^^O^,  isomeric 
with  propionate  of  soda,  a  little  of  this  salt  being  also  formed. 

In  properties,  formic  acid  bears  a  great  general  resemblance  to  acetic 
acid,  but  has  a  more  powerful  action  upon  the  skin  when  in  the  concen- 
trated form. 

Furfurole  (Ci^H^OJ,  or  oil  of  ants,  accompanies  the  formic  acid  obtained  by  dis- 
tilling amylaceous  matters  with  binoxide  of  manganese  and  sulphuric  acid.  It  is 
prepared  in  quantity  by  distilling  bran  (freed  from  starch  and  gluten  by  steeping 
in  a  cold  weak  solution  of  potash)  with  half  its  weight  of  sulphuric  acid  (previously 
diluted  with  an  equal  bulk  of  water),  a  current  of  steam  being  forced  through  the 
mixture  ;  the  furfurole  distils  over  with  the  water,  from  which  it  may  be  separated 
by  fractional  distillation.  It  is  a  colourless  oily  substance  smelling  of  bitter  almonds, 
becoming  brown  when  exposed  to  the  air,  and  but  slightly  soluble  in  water.  Strong 
sulphuric  acid  dissolves  it  to  a  purple  liquid,  from  which  water  precipitates  it  un- 
changed. Furfurole  resembles  the  aldehydes  in  its  property  of  reducing  oxide  of 
silver,  and  in  forming  a  crystalline  compound  with  bisulphite  of  soda.  It  is  con- 
vertible by  oxidation  into  pyromucic  acid  (CioH^Oj),  the  acid  obtained  by  distilling 
the  mucic  acid  derived  from  the  oxidation  of  gum  or  milk-sugar.  The  systematic 
name  for  furfurole,  therefore,  would  be  pyromucic  aldehyde. 

Just  as  oil  of  bitter  almonds  (benzoic  aldehyde),  when  acted  on  by  ammonia,  is 
converted  into  hydrobenzamide,  so  furfurole  yields  furfuramide — 

SCi.HgO,    +    2NH3  =  C,„H„N,       +  6H0 
oil  of  bitter  almonds.  Hydrobenzamide. 

SOxoHA    +    2NH3  =  C3oH,,N,0,     +    6H0 . 
Furfui-ole.  Furfui-amide. 

And,  just  as  hydrobenzamide,  when  boiled  with  solution  of  potash,  yields  the  iso- 
meric base  amarine  or  benzoline  {G^„B.^^'S^),  so  furfuramide,  when  boiled  with  potash,' 
gives  furfuritie  (Cj^Hj^NjOg),  which  is  isomeric  with  it. 

Butyric  acid  (HO .  CgHjO.,)  is  foimd  not  only  in  rancid  butter,  but  in 
the  juice  of  muscular  flesh,  and  is  a  frequent  product  of  fermentation. 
Indeed,  the  best  mode  of  obtaining  tliis  acid  consists  in  exciting  fermen- 
tation in  sugar  by  contact  with  cheese ;  the  liquid  soon  becomes  acid  in 
consequence  of  the  formation  of  lactic  acid  (the  acid  of  sour  miU^),  and  if 
it  be  neutralised  from  time  to  time  with  chalk,  this  fermentation  continues 
until  the  whole  is  converted  into  a  pasty  crystalline  mass  of  lactate  of  - 
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lime  (CaO .  CgHjOj).  The  formation  of  lactic  acid  from  sugar  becomes 
intelligible  on  compaiing  the  formulte — 

1  equivalent  of  cane-sugar,  Cj^H^jOj^ 

2  equivalents  of  lactic  acid,  C^jEj^Oj^ 

I    After  a  time  tlie  mass  becomes  more  fluid,  at  tbe  same  time  evolving 
t    bubbles  of  gas,  -wbich  contain  carbonic  acid  and  hydrogen,  for  the  lactate 
of  lime  is  undergoing  a  fermentation,  by  which  it  is  converted  iuto  buty- 
rate of  lime — 

2(CaO.C„HA)  +  HO  =  CaO.C.Ilfi,  +  CaO.  CO,  +  SCO,  +  H,. 

Lactate  of  lime.  Butyrate  of  lime. 

By  distilling  the  butyrate  of  lime  with  dilute  hydrochloric  acid,  an  aqueous 
solution  of  butyric  acid  is  obtained,  and  on  saturating  this  with  chloride 
of  calcium,  the  acid  collects  as  an  oily  layer  upon  the  surface.  It  is 
remai-kable  for  its  powerful  odour  of  rancid  butter.* 

Synthetical  formation  of  acids  of  tJie  acetic  series. — By  a  very  remark- 
able process  of  substitution,  butyric  acid  has  been  derived  from  acetic 
acid.  When  sodium  is  heated  with  acetic  ether,  it  is  graduaDy  dissolved, 
with  disengagement  of  hydrogen,  and  the  liquid  solidifies  on  cooling,  to  a 
crystalline  mass  of  soclacetic  ether,  or  acetic  ether  in  which  one  atom  of  the 
hydrogen  has  been  displaced  by  sodium — 

C,H50.C,H303   +   m   =    C,H,0.C,(H,Na)03   -f    H .  • 

Acetic  ether.  Sodacetic  ether. 

By  digesting  the  sodacetic  ether  with  iodide  of  ethyl  for  several  hours  in 
a  close  vessel,  at  212°  F.,  the  atom  of  sodium  is  exchanged  for  ethyle,  and 
ethacetic  ether,  or  butyric  ether,  is  produced — 

C,H,0  .C,(H,Na)03  +  C,HJ  =  Nal  +  C,H,0 .  C,H,(C,H,)03 . 

Sodacetic  ether.  Iodide  of  ethyl.  Etliacetic  or  butjiic  ether. 

Trom  this  ether  the  ethacetic  acid,  HO .  C,H,(C^H5)03,  has  been  prepared 
and  found  to  be  identical  with  butyric  acid,  HO .  CgHyO... 

The  connection  thus  established  between  butyric  acid  and  the  ethyle 
series  helps  to  explain  the  production  of  that  acid  in  the  fermentation 
of  sugar. 

But  butyric  ether  has  also  been  obtained  by  another  process  of  substitu- 
tion, which  affords  a  proof  that  the  same  substance  may  be  correctly 
represented  by  two  distinct  rational  formulae. 

The  substitution  of  sodium  for  hydrogen  in  acetic  ether  may  extend  to 
two  atoms  of  hydrogen,  and  if  the  disodacetic  ether  so  produced  be  digested 
with  iodide  of  methyle,  butyric  ether  is  obtained — 

CA0.C,(HNa,)03  +  2C,H3l  =  2NaI  -i-  C,H,0 .  C,H(C,H3).A  • 

Disodacetic  ether.         Iodide  of  methyle.  Dimethacetic  or  butyile  ether. 

So  that  butyric  acid  may  be  regarded,  according  to  the  method  by  which 
it  is  produced,  either  as  ethacetic  acid,  formed  fi'om  acetic  acid  by  the 
substitution  of  an  equivalent  of  ethyle  lor  one  of  hydrogen,  or  as  dimeth- 
acetic acid,  resulting  from  the  substitution  of  two  equivalents  of  methyle 
for  two  of  hydrogen. 

When  disodacetic  ether  is  acted  on  by  iodide  of  ethyle,  it  yields  dieth- 
acetic  ether — 

C,H,0  .  C„(HNa,)03  +   2C,H„I    =    2NaI  +   C,H,0  .  C,H(aH  )  0 

Disodacetic  ether.  Iodide  of  etliyh-.  DIethacetle  ether.  " 

♦  Butvric  acid  and  some  of  its  lioiriologucs  (as  valerianic  and  caproic)  aniiear  to  be  nrc 
sent  in  the  perspiration  of  the  skm,  and  to  cause  the  disagreeable  odour  of  close  rooms. 


570 


VALEUIANIC  ACID. 


This  ether  has  an  odour  resembling  peppermint,  and  its  composition  is 
the  same  as  that  of  caproic  ether,  C,H,0  .  C^Jin^-, ;  hut  the  diethacetic 
acid  prepared  from  it,  though  isomeric  with  caproic  acid  (HO  .  Ci^H^OJ, 
is  not  identical  with  it. 

The  acid  next  in  the  series,  oenanthic  (HO  .  Q^^Jd^,  may  he  ohtamed 
from  the  ether  produced  by  the  action  of  iodide  of  amyle  upon  sodacetic 
ether — 

C,H,0.C,(H,Na)03  +  C,„HJ   =    Nal  +  C,H,0 .  C,H,(C,,H JO, . 

Sodacetic  ether.  '^"^^^^  Amyl-acetic  ether. 

From  this  ether,  the  amyl-acetic  acid,  HO .  C,H2(CioHu)03,  which  appears 
to  be  identical  with  oenanthic  acid,  has  been  obtained. 

These  reactions  help  to  explain  the  production  of  several  of  the  alcohols 
corresponding  to  the  acetic  series  of  acids,  during  the  fermentation  of  grape- 
husks  (marc  of  the  wine-press). 

Among  the  products  of  the  action  of  sodium  and  ethylic  iodide  upon  acetic  ether, 
is  a  liquid  having  the  composition  G^^^f)^,  which,  when  distilled  with  alkaline 
bases,  yields  ethylated  acetone,  G^B.^{Q^i)Oi,  isomeric  with  the  acetone  of  propionic 
acid  (propione,  CiqHjjO^) — 

CxsHj.O,    +    2(BaO.HO)    =    C,„H,„0,    +    0,HA    -1-  2(BaO.CO,). 

Ethylated  Alcohol, 
acetone. 

Another  liquid  produced  by  the  action  of  ethylic  iodide  upon  disodacetic  ether  has 
the  composition  G,^^^f)^,  which  furnishes  diethylated  acetone,  G^^{G^S.^)S>^,  when 
distilled  with  baryta  water — 

CoH^gO^    +    2(BaO.HO)   =    C^.H^A    +    C,H,0,    -f-    2(BaO .  C0„) . 

Diethylated  ^  j^^^ 

acetone. 

Diethylated  acetone  is  a  liquid  smelling  of  camphor,  and  boiling  at  280°  F.  It  is 
isomeric  with  butyrone,  which  boils  at  290°  F.,  and  with  csnanthic  aldehyde  or 
cenanthole,  which  boils  at  312°  F. 

By  treating  acetic  ether  with  sodium  and  methylic  iodide,  the  corresponding 
methylated  acetones  may  be  obtained. 

Methylated  acetone,  G^B.^{G^B.^)0^,  has  the  odour  of  chloroform,  and  is  identical 
with  the  ethyl-acetyle,  C^HjO^ .  G^B.^,  obtained  by  the  action  of  zinc-ethyle  upon 
chloride  of  acetyle. 

Dimethylated  acetone,  G^lG^^XO^,  has  an  odour  of  parsley. 

Valerianic  acid  (HO .  Ci^HjOa)  derives  interest  from  the  circumstance, 
that  some  of  its  salts,  particularly  the  valerianate  of  zinc,  are  used  medi- 
cinally. 

Tliis  acid  is  found  in  valerian  root,  and  in  the  berries  of  the  guelder- 
rose.  It  is  one  cause  of  the  peculiar  odour  of  decajdug  cheese,  and  of 
whale  and  seal  oils. 

Artificially,  it  is  best  obtained  by  distilling  fousel  oil  (amylic  alcohol,. 
CjoHj^O„)  with  sulphuric  acid  and  bichromate  of  potash,  when  the  oxygen 
of  the  chromic  acid  converts  part  of  the  amylic  alcohol  into  valerianic 
acid — 

C.oH,A    +    0,    =    C,oH,A    +  2H0. 

Fousol  oil.  Valerianic  acid. 

The  distilled  liquid  is  really  a  mixtui-e  of  valerianic  acid  and  valeria- 
nate of  amyle  (CiJI^p .  C^oHgO,),  but  when  treated  with  hydrate  of 


CHEMISTRY  OF  SOAP. 


571 


potash  the  latter  is  decomposed',  yielding  fousel  oil  and  valerianate  of 
potash — 

C,„H,,0.C,A03  +  KO.HO  =  C,„H,,O.HO  +  KO.C,,HA. 

Valerianate  of  umyle.  Fousel  oil.  Valeriiinatc  of  potash. 

By  distrLLing  the  valerianate  of  potash  with  sulphuric  acid,  the  valeri- 
anic acid  is  obtained  as  an  oUy  liquid  of  very  remarkable  odour,  which 
recalls  that  of  butyric  acid. 

417.  The  separation  of  the  volatUe  acids  belonging  to  the  acetic  series 
is  a  problem  which  frequently  presents  itseK  to  the  chemist,  and  is  effected 
by  a  very  instructive  process  oi  partial  saturation,  founded  upon  the  prin- 
ciple, that  when  a  mixture  containing  two  acids  with  different  boiling 
points  is  partially  neutraUsed  by  an  alkali  and  distilled,  the  more  volatile 
of  the  two  acids  (i.e.,  that  having  the  lower  boiling  point)  will  pass  over, 
whilst  the  other  remains  in  combination  with  the  alkali. 

In  applying  this  method,  for  example,  to  a  mixture  of  valerianic  acid 
(boiling  at  347°  T.)  and  butyric  acid  (boiling  at  315°  F.),  in  unknown 
proportions,  the  liquid  would  be  divided  into  two  equal  parts,  one  of 
which  would  be  exactly  neutraUsed  with  potash,  and  then  distilled  to- 
gether with  the  other  half.  If  there  were  just  enough  valerianic  acid  to 
combine  with  the  potash,  pure  valerianate  of  potash  would  be  left  in  the 
retort,  and  the  more  volatile  butyric  acid  would  pass  over.  If  there  were 
more  valerianic  acid  than  would  be  required  to  combine  with  the  potash, 
the  excess  of  that  acid  would  distil  over,  together  with  the  butyric  acid, 
whilst  valerianate  of  potash  alone  would  be  left  in  the  retort.  By  distill- 
ing this  salt  with  sulphuric  acid,  the  pure  valerianic  acid  would  be  ob- 
tained, and  the  separation  of  the  rest  of  the  valerianic  from  the  butyric 
acid  would  be  effected  by  one  or  two  repetitions  of  the  process. 

If  the  valerianic  acid  present  in  the  mixture  were  not  in  sufficient 
quantity  to  combine  with  the  potash  added,  then  butyrate  of  potash,  as 
well  as  valerianate,  would  be  left  in  the  retort,  and  pure  butyric  acid  would 
distil  over.  By  distilling  the  mixture  of  valerianate  and  butyrate  of 
potash  with  sulphuric  acid,  a  mixture  of  the  two  acids  would  be  obtained 
which  would  require  a  repetition  of  the  process. 

In  any  case,  it  will  be  observed  that  this  process  must  yield  one  of  the 
acids  in  a  state  of  purity. 

The  same  principle  applies  to  the  separation  of  three  or  more  volatile 
acids,  but  the  process  involves,  of  course,  a  greater  number  of  distillations. 

418  Soap— The  manufacture  of  soap  affords  an  excellent  instance  of 
a  process  which  was  in  use  for  centuries  before  anything  was  known  of 
the  principles  upon  which  it  is  based,  for  it  was  not  till  the  researches'  of 
Chevreul  were  pubUshed  in  1813  that  any  definite  ideas  were  entertamed 
with  respect  to  the  composition  of  the  various  fats  and  oils  from  which 

soaps  are  made.  .  .tit 

The  investigations  of  Chevreul  are  conspicuous  among  the  labours 
which  have  contributed  in  so  striking  a  manner  to  the  rapid  adva,ncemeut 
of  chemistry  during  the  present  century ;  undertaken  when  tlie  chemistry 
of  organic  substances  had  scarcely  advanced  beyond  the  dignity  of  an  art, 
when  the  principles  of  classification  were  almost  entirely  empirical,  and 
hardly  any  research  had  been  published  which  could  servo  as  a  model, 
these  researches  reflect  the  remarkable  sagacity  and  accuracy  of  their 
author. 
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The  sense  of  our  obligation  to  this  eminent  chemist  is  further  increased, 
when  we  remember  that  the  ultimate  analysis  of  organic  substances  was 
then  effected  by  a  very  difficult  and  laborious  process,  whilst  the  doctrine 
of  combining  proportions  was  so  imperfectly  understood,  that  it  could  afford 
but  little  assistance  in  confirming  or  interpreting  the  results  of  analysis. 

All  soaps  result  from  the  action  of  the  alkalies  upon  the  oils  and  fats. 

In  the  manufactm>e  of  soap,  potash  and  soda  are  the  only  alkalies  em- 
ployed, the  former  for  soft,  the  latter  for  hard  soaps. 

The  fatty  matters  employed  by  the  soap-maker  are  chiefly  tallow,  palm 
oil,  cocoa-nut  oil,  and  kitchen  stuff,  for  hard  soaps,  and  seal  oil  and  whale 
oil  for  soft  soaps. 

In  the  manufacture  of  hard  soap,  the  alkali  is  prepared  by  boiling  a 
solution  of  carbonate  of  soda  (soda-ash)  with  lime  to  remove  the  carbonic 
acid — 

NaO.COg    +    CaO.HO    =    CaO .  CO,    +  NaO.HO 
the  clear  solution  of  hydrate  of  soda,  or  soda-ley,  being  drawn  off  from 
the  insoluble  carbonate  of  lime. 

The  tallow  is  at  fu-st  boiled  with  a  weak  soda-ley,  because  the  soap 
which  is  formed  is  insoluble  in  a  strong  alkaline  solution,  and  would 
envelope  and  protect  a  quantity  of  undecomposed  tallow ;  in  proportion 
as  the  saponification  proceeds,  stronger  leys  are  added,  until  the  whole  of 
the  grease  has  disappeared.  In  order  to  separate  the  soap  which  is 
dissolved,  advantage  is  taken  of  the  insolubility  of  soap  in  solution  of  salt ; 
a  quantity  of  common  salt  being  thrown  into  the  boiler,  the  soap  rises  to 
the  surface,  when  the  sjijent  ley  is  drawn  off  from  below,  and  the  soap 
transferred  to  iron  moulds  that  it  may  harden  sufficiently  to  be  cut  up 
into  bars. 

In  order  to  understand  the  chemistry  of  this  process,  it  is  necessary  to 
know  that  tallow  is  a  mixture  of  two  fatty  substances,  one  of  which, 
stearine*  {C^^^^^^O^^,  is  solid,  and  the  other,  oleine  {G^^^^^O^^,  liquid, 
the  quantity  of  stearine  being  about  thrice  that  of  oleine. 

When  these  fats  are  acted  upon  by  soda,  they  undergo  decomposition, 
furnishing  stearic  and  oleic  acids,  which  combine  with  the  soda  to  form 
soap,  whilst  a  peculiar  sweet  substance,  termed  glycerine,  passes  into 
solution;  the  nature  of  the  decomposition  in  each  case  will  be  understood 
from  the  following  equations  : — 

C,H,03.(C3A50.)3  +  3(NaO.HO)  ^  3(^0 .  C3,H,,0,)  +  C«HA 

stearine.  Stearate  of  soda.  Glycerine. 

C,HA.(C3eH330,)3  +  3(NaO.HO)  =  3(NaO .  03^30.)  +  CAO« 

Oleine.  Oleate  of  soda.  Glycerine. 

so  that  the  soap  obtained  by  boiling  taUow  with  soda  is  a  mixture  of  the 
stearate  of  soda  with  about  a  third  of  its  weight  of  oleate  of  soda,  and 
from  20  to  30  per  cent,  of  water. 

Palm  oil  is  composed  chiefly  oijJoJmitine  (Cin,HgsO,„),  a  solid  fat  which 
is  resolved  by  boiling  with  soda  into  palmitate  of  soda  (pabn  oil  soap)  and 
glycerine — 

C„H503.(C3,H3A)3  +  3(NaO.HO)  =  3(NaO .  C3,H3j03)  +  C«H A  • 

Pal:nitinc.  Palmitate  of  soda.  Glycerine. 

In  the  fish  oils,  the  predominant  constituent  is  oleine,  so  that  when 

*  ^Teap,  tallow. 
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boiled  witli  hydrate  of  potash,  they  yield  oleate  of  potash  (KO  .  C30H33O3), 
which  composes  the  chief  part  of  soft  soap. 

Castile  soap  is  made  from  ohve  oil,  which  contains  oleine  and  a  solid  fat 
known  as  margarine.  The  latter  appears  to  he  really  composed  of  palmi- 
tine  and  stearine,  so  that  the  Castile  soap  is  a  mixture  of  oleate,  palmitate, 
and  stcarate  of  soda. 

The  peculiar  appearance  of  mottled  soap  is  caused  by  the  irregular  dis- 
tribution of  a  compound  of  the  fatty  acid  with  oxide  of  ii'on,  Avhich 
arranges  itself  in  veins  throughout  the  mass.  If  the  soap  contained  too 
much  water,  so  as  to  render  it  very  fluid  when  transferred  to  the  moulds, 
this  iron  compound  would  settle  down  to  the  bottom,  leaving  the  soap 
clear,  so  that  the  mottled  appearance  is  often  regarded  as  an  indication 
that  the  soap  does  not  contain  an  undue  proportion  of  water ;  it  is  imi- 
tated, however,  by  stirring  into  the  pasty  soap  some  sulphate  of  iron  and 
a  little  impure  ley  containing  sulphide  of  sodium,  so  as  to  produce  the 
dai-k  sulphide  of  iron  by  double  decomposition.* 

In  the  manufacture  of  yellow  soap,  in  addition  to  taUow  and  palm  oil, 
a  considerable  proportion  of  common  rosin  (see  p.  470)  is  added  to  the  soap 
shortly  before  it  is  finished. 

Soft  soap  is  not  separated  from  the  water  by  salt  like  hard  soap,  but  is 
evaporated  to  the  required  consistency. 

Transparent  soaps  are  obtained  by  drying  hard  soap,  dissolving  it  in  hot 
spirit  of  wine,  and  pouring  the  strong  solution  into  moulds  after  the  greater 
part  of  the  spirit  has  been  distilled  olf. 

Silicated  soap  is  a  mixture  of  soap  with  silicate  of  soda. 
Glycenne  soap  is  prepared  by  heating  the  fat  with  aUcali  and  a  little 
water  to  about  400°  F.  for  two  or  three  hours,  and  running  the  mass  at 
once  into  moulds.    It  is,  of  course,  a  mixture  of  soap  and  glycerine. 

The  proportion  of  water  in  soaps  is  very  variable,  some  specimens  contain- 
ing between  7  0  and  80  per  cent.  The  smallest  proportion  is  about  30  per  cent. 

The  theory  of  saponihcation,  stated  above,  has  received  the  strongest 
confirmation  within  the  last  few  years,  by  the  synthetic  production  of  the 
fats  from  glycerine  and  the  fatty  acids  formed  in  their  saponification. 

Preparation  of  the  fatty  acids— Mi  the  soaps,  when  mixed  with  acids, 
undergo  decomposition,  their  alkalies  combining  with  the  acid  added, 
whHst  the  fatty  acids  separate  either  ia  the  soHd  form  (in  the  case  of  stearic 
and  palmitic  acids),  or  as  an  oily  liquid  (in  the  case  of  oleic  acid).  Thus, 
if  soap  obtained  by  boilmg  tallow  with  soda  be  dissolved  m  hot  water, 
and  mixed  with  an  excess  of  tartaric  acid,  an  oil  rises  to  the  surface  which 
concretes  into  a  buttery  mass  on  cooHng.  This  mass,  composed  of  stearic 
and  oleic  acids,  is  submitted  to  pressm-e  in  order  to  separate  the  greater 
part  of  the  Hquid  oleic  acid,  and  the  stearic  acid  which  is  left  is  purified 
by  crystallisation,  first  from  alcohol,  and  afterwards  from  ether. 

Stearic  acid  is  thus  obtained  in  transparent  colourless  plates  which  have 
the  composition  HO  .  C.,„H3,0, ;  they  are,  of  course,  insoluble  in  water,  but 
dissolve  in  hot  alcohol,  the  solution  being  acid  to  test-papers. 

AH  the  stearates  are  insoluble  in  water  except  those  of  the  alkalies,  so 
that  if  a  solution  of  common  soap  (containing  stearate  of  soda)  be  mixed 
with  a  solution  of  lime  or  magnesia,  a  stearate  of  lime  or  magnesia  is 
separated  in  the  insoluble  form,  and  it  will  be  remembered  that  this 
decomposition  of  soap  is  produced  by  the  action  of  hard  waters  (page  40). 

*  A  soap  which  contains  much  more  than  30  per  cent,  of  water  is  said  not  to  admit  of 
mottling. 
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419.  Candles. — Since  tallow  fuses  at  about  100°  F.,  and  stearic  acid 
not  below  159°,  it  is  evident  that,  independently  of  other  considerations, 
the  latter  would  be  better  adapted  for  the  manufacture  of  candles,  for  such 
candles  would  never  soften  at  the  ordinary  atmospheric  temperature  in 
any  climate,  and  would  have  much  less  tendency  to  gutter  in  consequence 
of  the  excessive  fusion  of  the  fuel  around  the  base  of  the  wick.  The 
gases  furnished  by  the  destructive  distillation  of  stearic  acid  in  the  wick 
of  the  candle  burn  with  a  brighter  flame  than  those  produced  from  taUow. 
Accordingly  the  manufacture  of  stearine  (or  more  correctly,  stearic  acid) 
candles*  has  now  become  a  very  important  and  instructive  branch  of 
industry. 

The  original  method  of  separating  the  stearic  acid  from  tallow  on  the 
large  scale,  consisted  in  mixing  melted  taUow  with  lime  and  water,  and 
heating  the  mixture  for  some  time  to  212°  by  passing  steam  through  it. 
The  tallow  was  thus  converted  into  the  insoluble  stearate  and  oleate  of 
lime,  which  was  drained  from  the  solution  containing  the  glycerine,  and 
decomposed  by  sulphuric  acid.  The  mixture  of  stearic  and  oleic  acids 
thus  obtaiued  was  cast  into  thin  slabs,  which  were  packed  between  pieces 
of  cocoa-nut  matting,  and  well  squeezed  in  a  hydraulic  press,  which  forced 
out  the  oleic  acid,  leaving  the  stearic  and  palmitic  acids  in  a  fit  state  for 
the  manufacture  of  candles. 

The  separation  of  the  solid  fatty  acids  from  tallow  and  other  fats  may 
also  be  effected  by  the  action  of  sulphuric  acid,  a  process  extensively 
applied  in  this  country  to  pabn  and  cocoa-nut  oils.  These  fats  are  mixed 
in  copper  boilers  with  about  one-sixth  of  their  weight  of  concentrated  sul- 
phuric acid,  and  heated  by  steam  to  about  350°  F.  for  some  hours,  when 
part  of  the  glycerine  is  converted  into  sulphoglyceric  acid  (CgHgOg .  2SO3), 
and  the  remainder  is  decomposed  by  the  sulphuric  acid,  carbonic  and  sul- 
phurous acids  being  disengaged,  whilst  a  dark-coloured  mixture  of  palmitic, 
stearic,  and  oleic  acids  is  left.  A  part  of  the  oleic  acid  becomes  converted 
in  this  process  into  elaidic  acid,  which  has  the  same  composition,  but 
differs  from  oleic  acid  in  fusing  at  about  113°  F.,  so  that  the  amount  of 
solid  acid  obtained  by  this  process  is  much  increased.  This  mixture  is 
well  washed  from  the  adhering  sulphuric  and  sulphoglyceric  acids,  and 
transferred  to  a  copper  still  into  which  a  current  of  steam  is  passed,  which 
has  been  raised  to  about  600°  F.  by  passing  through  hot  iron  pipes. 
These  fatty  acids  could  not  be  distilled  alone  without  decomposition,  but 
under  the  influence  of  a  current  of  steam  they  pass  over  readUy  enough, 
leaving  a  black  pitchy  residue  in  the  retort,  which  is  employed  in  making 
black  sealing  wax  and  for  other  useful  purposes. 

The  distilled  fatty  acids  are  broken  up  and  pressed  between  cocoa-nut 
matting  to  remove  the  oleic  acid. 

One  great  advantage  of  this  process,  which  is  commonly,  thougli  incor- 
rectly, styled  the  sajjonificcdion  hy  sulphuric  acid,  is  its  allowing  the  con- 
version of  the  worst  kinds  of  refuse  fat  into  a  form  fit  for  the  manufacture 
of  candles ;  thus  the  fat  extracted  from  bones  in  the  manufacture  of  glue, 
and  that  removed  from  wool  in  the  scouring  process,  may  be  turned  to 
profitable  account. 

It  will  be  remarked  that  in  this  process  the  palmitic,  stearic,  and  oleic 
acids  are  formed  from  the  pakoitine,  stearine,  and  oleine  existing  in  tlie 
fats,  by  the  assimilation  of  the  elements  of  water  and  the  subsequent 

*  Composiie  candles  oi-e  made  of  a  mixture  of  stearic  and  palmitic  acids. 


SYNTHESIS  OF  NEUTRAL  FATS. 


575 


separation  of  glycerine,  just  as  in  the  ordinary  process  of  saponification  by 
means  of  alkalies. 

Strictly  speaking,  the  action  appears  to  consist  of  two  stages ;  for  when 
concentrated  sulphuric  acid  is  allowed  to  act  upon  the  natural  fats  in  the 
cold,  it  combines  with  each  of  their  ingredients,  forming  the  acids  known 
as  sulphostearic,  sulphopaluiitic,  sulpholeic,  and  sidphoglyceric,  which  are 
soluble  in  water,  though  not  (with  the  exception  of  the  last)  in  water 
containing  sulphuric  acid. 

The  second  stage  consists  in.  the  decomposition  of  the  sulpho-fatty  acids 
by  the  high  temperature  in  contact  with  steam,  the  sulphoglycexic  acid 
having  been  in  great  measm-e  decomposed  into  secondary  products  before 
the  distillation  is  commenced. 

"Within  the  last  few  years,  the  extraction  of  the  solid  acids  from  the 
natui-al  fats  has  been  effected  by  a  process  known  as  saponification  ly 
steam,  which  allows  the  glycerine  also  to  be  obtained  in  a  pure  state.  It 
is  only  necessary  to  subject  the  fat,  in  a  distillatory  apparatus,  to  the 
action  of  steam,  at  a  temperature  of  about  600°  F.,  to  cause  both  the 
fatty  acids  and  the  glycerine  to  distil  over ;  the  former  may  be  separated 
as  usual  into  sohd  and  liquid  portions  by  pressure,  whilst  the  glycerine, 
which  is  obtained  in  aqueous  solution  below  the  layer  of  fatty  acids,  is 
concentrated  by  evaporation  and  sent  into  commerce  as  a  very  sweet 
colourless  viscid  hquid.  The  saponification  of  palmitine,  for  instance,  by 
steam,  would  be  represented  by  the  equation — 

C«H,03.  (€3^13,03)3  +   6H0   =   3(HO.C3.,H3,03)   +  CAOe- 

Palmitlne.  Palmitic  acid.  Glycerine. 

420.  In  the  artificial  formation  of  natural  fats,  this  change  has  been 
reversed,  for  by  heating  3  equivalents  of  stearic,  palmitic,  or  oleic  acid  with 
1  equivalent  of  glycerine,  in  a  sealed  tube,  for  several  hours,  to  about 
500°  F.,  6  equivalents  of  water  axe  eliminated,  and  stearine,  palmitine,  or 
oleine  is  produced. 

By  a  similar  process,  compounds  have  been  formed  from  glycerine  with 
one  and  two  equivalents  of  the  fatty  acids,  so  that  we  are  acquainted,  in 
the  stearine  series,  for  example,  with — 

stearic  acid.  Glycerine. 

Monostearine,  .  C,,H,,03  =  C33H33O,  +  C„H,0,  -  2H0 
Bistearine,     .    .  =  2(03^.04)  +  C^H^Oe  -  4H0 

Terstearine    .    .    C,,,H,,„0^   =  3(C3,H3,OJ  +  C,H,0„  -  6H0 

The  last  representing  stearine  as  it  exists  in  the  natural  fats. 

Nor  is  it  only  with  the  fatty  acids,  properly  so  called,  that  glycerine  will 
furnish  glycerides,  as  these  bodies  are  termed,  similar  compounds  having 
been  obtained  with  acetic  and  benzoic  acids. 

Tho  hydrogen-acids  are  also  capable  of  acting  upon  glycerine  in  a  similar  manner. 
Thus,  when  glycerine  (CellpOj)  is  acted  on  by  hydrochloric  acid,  an  oily  liqiiid, 
chlorhijdrine  {G^TiyOfil),  is  obtained,  the  glycerine  having  combined  with  1  cquiva- 
Ibnt  of  hydrochloric  acid,  and  2  equivalents  of  water  having  been  separated. 

Dichlorhrjdrine  (CfHoO^Clj)  results  from  the  union  of  glycerine  with  2  equivalents 
of  hydrochloric  acid,  and  separation  of  4  equivalents  of  water;  whilst,  to  form 
trichlorhydrine  (CgHsClj),  3  equivalents  of  hydrochloric  acid  are  taken  up,  and  6 
equivalents  of  water  removed. 

By  the  action  of  oxide  of  silver,  in  presence  of  water,  the  chlorhydriues  may  be 
reconverted  into  glycerine.  The  examination  of  these  chlorhydrines  lias  pointed 
out  tlie  method  of  ciTecting  the  conversion  of  a  triatomic  alcohol  (glycerine)  into  a 
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diatomic  alcohol  (glycol),  for  if  clilorhydrinebe  acted  on  by  sodium  dissolved  in  mer- 
cury, in  the  presence  of  water,  it  is  converted  into  the  glycol  of  propylene — 

CgHjO.Cl   +  HO  +  Na^  =  C„H^O^   +   NaO   +  NaCl . 
Chlorhydrine.  Propyl-glycol 

This  tendency  of  glycerine  to  form  compounds  with,  the  acids,  the 
formation  of  which  is  attended  (like  that  of  the  ethers  from  alcohol)  with 
separation  of  the  elements  of  water,  has  led  chemists  to  look  upon  glyce- 
rine as  an  alcohol — a  view  which  is  also  supported  by  its  combining  with 
sulphuric  and  phosphoric  acids  to  form  sulphoglyceric  (CgHjO, .  HO  .  2S0J 
and  phosplioglyceriG  acids,  just  as  alcohol  forms  sulphovinic  and  phospho- 
vinic  acids.  A  compound  has  even  been  obtained,  which  is  believed  to 
stand  to  glycerine  in  a  relation  similar  to  that  which  ether  bears  to 
alcohol ;  the  formula  of  this  glyceric  ether,  as  it  is  called,  is  C^HjO^,  differ- 
ing from  glycerine  (CgHgO,.)  by  the  elements  of  3  equivalents  of  water. 

The  formation  of  stearine  from  stearic  acid  and  glycerine  would  then 
be  quite  analogous  to  that  of  acetic  ether,  for  example,  from  acetic  acid 
and  alcohol,  as  will  be  seen  by  comparing  the  two  equations — 

HO.C.HPg    +   C.HjO.HO    =   C,B.fi.G^Kfi^   +  2H0 

Acetic  acid.  Alcohol.  Acetic  ether. 

(3HO.C3,H3A)  +  aH,03.3HO  =  C,HA.  3C3,H3A  +  6H0 . 

stearic  acid.  ^^^g^oeter 

The  only  difference  between  the  two  reactions  is,  that  in  the  latter,  3  equi- 
valents of  acid  are  concerned,  and  3  equivalents  of  water  are  removed 
from  the  glyceric  alcohol.  This  cu'cumstance,  taken  together  with  some 
other  features  of  glycerine,  has  induced  those  chemists  who  consider 
alcohol  as  formed  upon  the  type  of  a  molecule  of  water,  to  look  upon 
glycerine  as  derived  in  a  similar  manner  from  3  molecules  of  water,  in 
which  half  the  hydrogen  is  replaced  by  the  triatomic  radical,  glyceryle 
(e^H,)"';  thus- 
Type    .    .    .   g  )e  Type  g3|03 

Alcohol         ®A\e  Glyceric  alcohol,    (O^HJ"  I  ^ 
Alconol  g   jtt      or  glycerine,  f^s 

Ether,      .    e^i^jo  Glyceric  ether,       (|'h')''' )  ^3 

421.  Glycerine  is  obtained  on  the  small  scale  by  boiling  oHve  oil  with 
litharge  and  water,  unto,  the  stearic,  oleic,  and  palmitic  acids  are  converted 
into  their  lead-salts  {lead  plaster),  which  are  insoluble,  whilst  the  glyce- 
rine, together  with  a  little  oxide  of  lead,  pass  into  solution.  The  lead  is 
precipitated  by  hydrosulphuric  acid,  and  the  filtered  liquid  concentrated 
by  evaporation. 

The  chief  uses  of  glycerine  as  an  application  to  the  skin,  and  a  remedy 
in  cases  of  deafness,  depend  upon  its  oily  consistency,  and  its  want  of 
volatility,  which  preserves  surfaces  to  which  it  is  applied  in  a  moist  and 
supple  condition. 

Glycerine  cannot  be  distilled  alone  without  decomposition,  though  it  has 
been  seen  to  be  capable  of  distillation  in  a  current  of  highly  heated  steam. 
When  decomposed  by  distillation,  it  evolves  very  irritating  vapours  of 
acroleine  (C,.H^O„),  which  is  a  constant  product  of  the  destructive  distilla- 
tion of  fats  containing  glycerine,  and  gives  rise  to  the  peculiar  disgusting 
odour  of  a  smouldering  taUow  candle  ;  composite  candles,  being  made  of 
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stearic  and  palmitic  acids  (without  glycerine)  do  not  omit  this  odour  of 
acroleine  when  blown  out. 

Acroleine  is  best  obtained  in  the  pure  state  by  distilling  glycerine 
Avith  anhydrous  phosphoric  acid,  which  removes  4  equivalents  of  water 
(G,llp^  -  4H0  =  CJipj.  It  is  a  colourless  liquid,  distinguished  by  its 
intensely  irritating  vapour,  which  affects  the  eyes  very  strongly.  From  a 
chemical  point  of  view  it  is  interesting,  as  being  the  aldehyde  of  the  allyle 
series  {see  p.  479),  and,  therefore,  another  link  connecting  that  series  with 
■glycerine.  By  treatment  with  oxide  of  silver,  acroleine  is  converted  into 
acrylic  acid  bearing  the  same  relation  to  acroleine  (CgH^O^)  that 

acetic  acid  (CjH^Oj)  bears  to  ordinary  aldehyde  (C^H^Oj).  The  iodide  of 
aUyle  and  ally  lie  alcohol  have  been  already  noticed  (p.  479). 

The  allyle  series,  therefore,  is  perfectly  parallel  with  the  ethyle  series, 
and  it  seems  very  probable  that  allylic  alcohol  is  a  member  of  a  homo- 
logous series  of  alcohols  having  the  general  formula  C2„H2„0.„  with  a  series 
of  acids  corresponding  to  the  acetic  series,  but  having  the  general  formula 
CjnHjn.aO^,  of  which  the  following  members  are  known : — 


Acrylic  Series  of  Acids. 


Acid. 

Equivalent 
Formula. 

Source. 

Acrylic  .  . 

Oxidation  of  acroleine. 

Crotonic 

Croton-seed  oil. 

Angelic  .  . 

Angelica  root. 

Pyroterebic 

Turpentine. 

Damaluric  . 

Cow's  urine  (ia/^u^os,  a  calf). 

Campholic  . 

Camphor. 

Moringic  . 

C30H28O4 

Moringa  aptera  (oil  of  ben). 

H3q)ogeio  . 

(  Oil  of  ground  nut. 

Physetoleic 

1  Sperm- wliale  oil  [Physeler  macrocephalus). 

Oleic      .  . 

Most  oils. 

Doeglic  .  . 

Doegling  train  oil. 

Bras.sic  .  . 

1  '^ii^ifii 

f  Mustard  seed  (fixed)  oil. 

Erucic    .  . 

I  Colza  oil  {Brassica  oleifera). 

These  acids  are  monobasic,  their  salts  being  formed  by  the  substitution  of  1  eq.  of 
a  metal  for  1  eq.  of  hydrogen,  or  of  1  eq.  of  a  basic  protoxide  for  1  eq.  of  water. 

The  following  table  exhibits  the  principal  members  of  the  allyle  series,  together 
with  the  corresponding  members  of  the  ethyle  series  : — 


Ethyle  Series. 


Ethyle, 
Ether,  . 
Alcohol, 

Iodide  of  ethyle, 
Acetic  ether, 
Aldehyde, 
Acetic  acid,  . 
Sulphide  of  ethyle, 
Triethylamine, 
Ilyd  rated  oxide  of 
Tetrethylium,  . 


C,H, .  OA 
G,H,0 .  C,H,0 
C.H^O .  HO 
C,H,,I 

0,H,0 .  C.H^O, 

C^H.O, 

C,H,0, 

|N(C,H„),O.HO 


Allyle  Series. 


Allyle. 
Allylic  other, 
Allylic  alcohol,  . 
Iodide  of  allyle,  . 
Acetate  of  allyle, 
Allyle  aldehyde,  . 
Acrylic  acid. 
Sulphide  of  allyle, 
Triallylamine, 
Hydrated  oxide  of 
Tetrallylium,  . 


OA  •  C„H, 
-C„H,O.C„H,0 
O„H,0 . 110 
C„H,I 

OAO.CAO,, 
C„H^Oj  (acroleine) 
C„H,0, 

C„H5S(oilof  gnrlic) 
N(CA)s 

N(CA)40.no 
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It  has  been  seen  (p.  479)  that  glycerine,  when  distilled  with  biniodide 
of  phosphorus,  yields  iodide  of  allyle  (CallJ).  When  this  liquid  is  treated 
with  bromine  it  yields  a  crystaUisable  terbromide  of  allyle,  C^B-^Bt.^  ;  and 
if  this  be  decomposed  by  acetate  of  silver,  it  furnishes  the  glyceride  known 
as  teracetine,  thus —  _  _ 

C3H,Br3    +    3(AgO.A)    =    C,HA.3A    +  3AgBr. 

Terbromide  of  aUyle.       Acetate  of  silver.  Teraceiine. 

When  teracetine  is  submitted  to  the  action  of  hydrate  of  baryta,  glyce- 
rine is  reproduced — 

C,HA-3A    +    3(BaO.HO)    =    C,H,0,    +  3(BaO.A). 

Teracetine.  Glycerine.  Acetate  of  baryta. 

This  affords  an  interesting  example  of  the  conversion  of  a  monatomic 
radical,  allyle  (C^Hj)',  into  a  triatomic  radical,  glyceryle  {G^^'. 

422.  A  very  interesting  chemical  sttnilarity  has  been  pointed  out 
between  glycerine  and  mannite  (CgHjOg).  It  will  be  remembered  that 
the  former  is  a  constant  product  of  the  alcoholic  fermentation,  and  the 
latter  of  a  peculiar  kind  of  fermentation  (the  viscous),  to  which  sac- 
charine liquids  are  subject. 

When  mannite  is  heated,  under  pressure,  with  the  acids  of  the  acetic 
series,  it  forms  compounds  corresponding  to  those  obtained  when  glycerine 
is  so  treated.    Thus,  with  stearic  acid — 

CAO«    +    3(C3,H3PJ    =    C„,H,„,0,    +  7H0. 

„.     .      .,  Terstearomannite, 
Mannite.  Stearic  acid.  or  mannite  stearine. 

But  it  will  be  observed  that  7  equivalents  of  water  are  here  eliminated 
instead  of  6  eqs.,  as  in  the  case  of  glycerine.  The  further  examination  of 
mannite  explains  this,  for  it  is  not  that  substance  which  is  the  true  ana- 
logue of  glycerine,  but  one  which  is  obtained  by  heatiug  mannite  to  400°  F., 
when  it  loses  an  equivalent  of  water,  and  is  converted  into  mannitane — 

0,5,0,    -    HO    =  0,H,0,. 

Mannite.  Mannitane. 

This  mannitane  or  mannite-glycerine  is  a  viscous  substance,  presenting 
a  very  strong  resemblance  to  glycerine,  so  that  it  is  not  unlikely  to  have 
been  mistaken  for  this  substance  in  examining  some  of  the  natural  fats. 
The  mannite-glycerides,  or  compounds  formed  by  heating  mannite  with 
the  fatty  acids,  are  scarcely  to  be  distinguished  from  stearine,  palmitine, 
&c.    They  are  saponified  by  alkalies  in  exactly  the  same  manner. 

Cane-sugar  and  grape-sugar  are  capable  of  forming  compounds  corre- 
sponding to  those  obtained  by  the  action  of  acids  upon  glycerine  and 
mannite.  Thus,  if  grape-sugar  be  heated  to  250°  F.  for  several  hours  in 
contact  with  stearic  acid,  it  is  converted  into  a  fusible  solid,  insoluble  in 
water,  but  soluble  in  alcohol  and  ether — 

C,H,0,    +    2(C33H3,OJ    =    C3,H,,0,    +  6H0. 

Grape-sugar  Stearic  acid.  Stearic  glucose, 

(anliydrous). 

When  grape-sugar  is  heated  with  tartaric  acid,  a  similar  reaction  takes 
place,  but  the  resulting  product  is  a  new  acid — 

C^H,A.    +    2(2HO.CAOio)   =    2HO.C,3H,A.    +  6H0. 

Grape-sugar 
(anhydrous). 

Cane-sugar  behaves  in  a  similar  manner. 
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423.  Nitroglycerine,  or  glonoine. — This  violently  explosive  substance  is 
very  easily  prepared  by  dissolving  glycerine  in  a  mixture  of  equal  measures 
of  the  strongest. nitric  and  sidphuric  acids,  jsroviously  cooled,  and  poui'ing 
the  solution  in  a  thin  stream  into  a  large  volume  of  water,  when  the  nitro- 
glycerine is  precipitated  as  a  colourless  heavy  oil  (sp.  gr.  1-6).  It  is 
advisable  to  add  the  glycerine  to  the  mixed  acids  in  very  small  qviantities 
at  a  tiine,  and  to  cool  the  mixtui'e  in  a  vessel  of  water  after  each  addition. 
When  the  nitroglycerine  has  subsided,  the  water  may  be  poured  off,  and 
the  oil  shaken  several  times  with  water,  so  as  to  wash  it  thoroughly. 
The  foi-mation  of  nitroglycerine  resembles  that  of  gun-cotton  (see  p.  503), 
three  equivalents  of  hydrogen  being  removed  from  the  glycerine  by  the 
oxidising  action  of  the  nitric  acid,  and  three  equivalents  of  nitric  peroxide 
introduced  in  their  place — 

CAOs    +    3(H0.N0,)    =    C,H,(NO,),0,    +  6H0. 

Glycerine.  Nitroglycerine. 

This  oil  is  far  more  violent  in  its  explosive  effects  than  gun-cotton, 
more  neai-ly  resembling  the  fulminates,  though  not  so  easily  exploded. 
If  a  drop  of  nitroglycerine  be  placed  on  an  anvil  and  struck  sharply,  it 
explodes  with  a  very  loud  report,  even  though  not  free  from  water ;  and 
if  a  piece  of  paper  moistened  with  a  drop  of  it  be  struck,  it  is  blown  into 
small  fragments.  On  the  application  of  a  flame  or  of  a  red-hot  iron  to 
nitroglycerine,  it  burns  quietly;  and  when  heated  over  a  lamp  in  the  open 
air  it  explodes  but  feebly.  In  a  closed  vessel,  however,  it  explodes  at 
about  360°  F.  with  great  violence.  !For  blasting  rocks  the  nitroglycerine 
is  poured  into  a  hole  in  the  rock,  and  exploded  by  the  concussion 
caused  by  a  particular  kind  of  fuze  charged  with  a  little  gunpowder. 
It  has  been  stated  to  produce  the  same  effect  in  blasting  as  ten  times  its 
weight  of  gunpowder,  and  much  damage  has  occurred  from  the  accidental 
explosion  of  nitroglycerine  in  course  of  transport.  When  nitroglycerine 
is  kept,  especially  if  it  be  not  thoroughly  washed,  it  decomposes,  with 
evolution  of  nitrous  fumes  and  formation  of  crystals  of  oxalic  acid;  and 
it  may  be  readily  imagined  that,  should  the  accumulation  of  gaseous  pro- 
ducts of  decomposition  burst  one  of  the  bottles  in  a  case  of  nitroglycerine, 
the  concussion  would  explode  the  whole  quantity. 

Nitroglycerine  is  readily  soluble  in  ether  and  in  wood-spirit,  and  some- 
what less  soluble  in  alcohol ;  it  is  reprecipitated  by  water  from  these  last 
solutions.  It  solidifies  at  40°  F.  A  drop  of  nitroglycerine  is  said  to  cause 
very  violent  headache,  and  in  larger  doses  it  appears  to  be  decidedly 
poisonous. 

Oils  and  Fats. 

424.  A  very  remarkable  feature  in  the  history  of  the  fats  is  the  close 
resemblance  in  chemical  composition  and  properties  wliich  exists  between 
them,  whether  derived  from  the  vegetable  or  the  animal  kingdom.  They 
all  contain  two  or  more  neutral  substances  which  furnish  glycerine  when 
saponified,  together  with  some  of  the  acids  of  the  acetic  series  or  of  series 
closely  allied  to  it. 

One  of  the  most  useful  vegetable  fatty  matters  is  palm-oil,  which  is 
extracted  by  boiling  water  from  the  crushed  fruit  of  the  Elais  Guineetms 
an  African  palm.  It  is  a  semi-solid  fat,  which  becomes  more  solid  when 
kept,  since  it  then  undergoes  a  species  of  fermentation,  excited  apparently 
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by  an  albuminous  substance  contained  in  it,  in  consequence  of  which  the 
palmitinc  (C.u^HggOj^)  is  converted  into  glycerine  and  palmitic  acid.  The 
bleaching  of  palm-oil  is  effected  by  the  action  of  a  mixture  of  sulphuric 
acid  and  bichromate  of  potash,  wliich  oxidises  the  yellow  colouring  matter. 

Cocoa-nut  oil  is  also  semi-solid,  and  is  remarkable  for*  the  _  number  of 
acids  of  the  acetic  series  which  it  yields  when  saponified,  viz.,  caproic, 
caprylic,  rutic,  lauric,  myristic,  and  palmitic. 

These  fats  are  chiefly  used  in  the  manufacture  of  soap  and  candles. 

Salad  oil,  or  siveet  oil  (olive  oil),  is  obtained  by  crushing  olives,  and  an 
inferior  kind  which  is  used  for  soap  is  obtained  by  boiling  the  crushed 
fruit  with  water.  When  exposed  to  a  temperature  of  about  32°  F.  a  con- 
siderable portion  of  the  oil  solidifies ;  this  solid  portion  is  generally  called 
margarine  (C^ogHi^Oi^) ;  it  is  much  less  soluble  in  alcohol  than  stearine, 
though  more  so  than  palmitine.  When  saponified,  margarine  yields 
glycerine  and  margarie  acid  (Cg^H^pj.  This  acid  appears  to  be  really 
composed  of  stearic  and  palmitic  acids,  into  which  it  may  be  separated  by 
repeated  crystallisation  from  alcohol,  when  the  palmitic  acid  is  left  in 
solution.  The  fusing-point  of  margarie  acid  is  140°  F.,  that  of  stearic 
being  159°,  and  that  of  palmitic,  144°,  but  a  mixture  of  10  parts  of  pal- 
mitic with  1  part  of  stearic  acid  fuses  at  140°. 

That  portion  of  the  olive  oil  wliich  remains  liquid  below  32°  con- 
sists oi  oleine  {G^^^^Jd^„),  forms  nearly  three-fourths_  of  its  weight. 
Oleine  is  not  so  easily  saponified  as  the  solid  fats,  and  is  resolved  by 
that  process  into  glycerine  and  oleic  acid  {G^^^O^,  which  differs  from  the 
other  fatty  acids  by  remaining  liquid  at  temperatures  above  40°  F.,  and 
by  absorbing  oxygen  from  the  air,  when  it  is  converted  into  a  new  acid 
which  is  not  solidified  by  cold. 

Oleic  acid  is  used  iu  greasing  wool  for  spinning,  being  much  more 
easily  removed  by  alkalies  than  oUve  oil  which  was  formerly  employed. 
Oleate  of  ammonia  is  sometimes  employed  as  a  mordant  for  the  aniline 
dyes  on  cotton. 

The  characteristic  feature  of  oleic  acid  is  its  furnishing  a  solid  crys- 
tallised acid  when  submitted  to  destructive  distillation ;  this  acid  is  called 
sehacic  acid,  and  is  one  of  a  series  of  bibasic  acids,  most  of  the  other  mem- 
bers of  which  may  be  obtained  from  oleic  acid  by  the  action  of  nitric  acid. 


Bibasic  Fatty  Acid  Series. 


Acid. 

Equivalent 
Formula. 

Source. 

Oxalic 

Oxalis  acetosella  (wood  sorrel),  &c. 

Malonic 

CeHA 

Oxidation  of  malic  acid. 

Succinic 

Amber  {succinuni). 

Lipic 

C:„Hs03 

Oxidation  of  oleic  acid  {Ki-xos,fat). 

Adipic 

{adepsjal). 

Pimelic 

„              „        [itliitxi,  fat). 

Suberic 

Oxidation  of  stearic  acid,  and  of  cork  {mber). 

Anclioic  *  . 

Oxidation  of  Chinese  wax,  and  of  cocoa-nut  oil. 

Lepargylic  f 

j  CigHjoOa 

Sebacic 

Distillation  of  oleic  acid. 

*  From  &yx">,  to  throttle,  from  its  suflfocatiug  vapours, 
t  From  Xt-Trnpyos,  /uiving  to/die  skin. 
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The  neutral  salts  of  the  acids  of  this  series  are  formed  by  the  displace- 
ment of  two  equivalents  of  hydrogen  by  a  metal,  or  of  two  equivalents  of 
water  by  a  basic  protoxide.  Thus,  neutral  succinate  of  potash  has  the 
composition  C8(HjK,)0g,  or  2K0 .  C^Hp„. 

It  is  worthy  of  remark,  that  nine  acids  of  the  series,  C2„H2„04  (from 
acetic  to  capric  inclusive),  are  found  among  the  products  of  the  action  of 
nitric  acid  upon  oleic  acid. 

It  is  well  known  that  salad  oil  becomes  rancid,  and  exhales  a  disagree- 
able odoiir  after  being  kept  for  some  time.  This  appears  to  be  due  to  a 
fermentation  similar  to  that  noticed  in  the  case  of  pahn  oil,  originally 
started'  by  the  action  of  atmospheric  oxygen  upon  albuminous  matters 
present  in  the  oil ;  the  neutral  fatty  matters  are  thus  partly  decomposed, 
as  in  saponification,  theii  corresponding  acids  being  liberated,  and  giving 
rise  (in  the  case  of  the  higher  members  of  the  acetic  series,  such  as  caproic 
and  valerianic)  to  the  disagreeable  odour  of  rancid  oil.  By  boiling  the 
altered  oil  with  water,  and  afterwards  washing  it  with  a  weak  solution  of 
soda,  it  may  be  rendered  sweet  again. 

Almond  oil,  extracted  by  a  process  similar  to  that  employed  for  olive  oil, 
is  also  very  similar  in.  composition ;  but  colza  oil,  obtained  from  the  seeds 
of  the  Brassica  oleifera,  contains  only  half  its  weight  of  oleine,  and  hence 
sohdifies  more  readily  than  the  others. 

Colza  oil  is  largely  used  for  burning  in  lamps,  and  undergoes  a  process 
of  purification  from  the  mucilaginous  substances,  which  are  extracted  vn.th 
it  from  the  seed,  and  leave  a  bullcy  carbonaceous  residue  when  subjected 
to- destructive  distillation  in  the  wick  of  the  lamp.  To  remove  these  the 
oil  is  agitated  with  about  2  per  cent,  of  oil  of  vitriol,  which  carbonises 
the  mucilaginous  substances,  but  leaves  the  oil  untouched.  When  the 
carbonaceous  flocks  have  subsided,  the  oil  is  drawn  off,  washed  to  remove 
the  acid,  and  filtered  through  charcoal. 

Linseed  oil,  obtained  from  the  seeds  of  the  flax  plant,  is  much  richer  in 
oleine  than  any  of  the  foregoing,  exhibiting  no  solidification  till  cooled 
to  15°  or  20°  F.  below  the  freezing  point.  It  exhibits,  however,  in  a  far 
higher  degree,  a  tendency  to  become  solid  when  exposed  to  the  air,  which 
has  acquired  for  it  the  name  of  a  di-ying  oil,  and  renders  it  of  the  greatest 
use  to  painters.  This  solidification  is  attended  with  absorption  of  oxygen, 
which  takes  place  so  rapidly  in  the  case  of  linseed  oil,  that  spontaneous 
combustion  has  been  known  to  take  place  in  masses  of  rag  or  tow  which 
have  been  smeared  with  it.* 

The  tendency  of  linseed  oil  to  sohdify  by  exposure  is  much  increased  by 
heating  it  with  about  -^-^^h  of  litharge,  or  ^\h.  of  binoxide  of  manganese ; 
these  oxides  are  technically  known  as  dryers,  and  oil  so  treated  is  called 
boiled  linseed  oil.  The  action  of  these  metalhc  oxides  is  not  weU  understood. 

The  strong  drying  tendency  of  linseed  oil  is  supposed  to  be  due  to  a 
peculiarity  in  the  oleine,  which  is  said  not  to  be  ordinary  oleine,  but  to 
furnish  a  different  acid,  linoleic  acid,  when  saponified.  When  linseed  oil 
is  exposed  for  some  time  to  a  high  temperature,  it  becomes  viscous  and 
treacly,  and  is  used  in  this  state  for  the  preparation  of  printing-ink.  If 
the  viscous  oil  bo  boiled  with  dilute  nitric  acid,  it  is  converted  into  artifi- 
cial caoutchouc,  which  is  used  in  the  manufacture  of  siu'gical  instruments. 
This  property  appears  to  be  connected  with  the  drying  qualities  of  the  oil. 

•  During  the  oxidation,  a  volatile  compound  is  formed  which  resembles  acroleine  in 
smell,  and  colours  unsized  paper  brown.  It  has  been  suggested  that  the  brown  colour 
and  musty  smell  of  old  books  irtay  be  due  to  the  oxidation  of  the  oil  in  the  printing-ink. 
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Castor  oil,  obtained  from  tlie  seeds  of  Bicinus  communis,  also  yields  a 
peculiar  acid  when  saponilied,  termed  ricinoleic  (HO .  C^^H^fi^),  con- 
taining two  more  equivalents  of  oxygen  than  oleic  acid,  which  it  much 
resembles.  The  destructive  distillation  of  castor  oil  yields  ceyianthic 
acid  (HO  .  Cj^H^pj,  and  osnanthole  or  oenanthic  aldehyde  {C^^^f)^),  and 
by  distilling  it  with  hydrate  of  potash,  caprylic  alcohol  (CigHj^OJ  is  ob- 
tained. As  in  the  case  of  ohve  oil,  the  cold  drawn  castor  oil,  which  is 
expressed  from  the  seeds  without  the  aid  of  heat,  is  much  less  liable  to 
become  rancid.  Castor  oil  is  much  more  soluble  in  alcohol  than  any 
other  of  the  fixed  oils. 

The  various  fish  oils,  such  as  seal  and  whale  oil,  also  consist  chiefly  of 
oleine,  and  appear  to  owe  their  disagreeable  odour  to  the  presence  of  cer- 
tain volatile  acids,  such  as  valerianic. 

Cod-liver  oil  appears  to  contain,  in  addition  to  oleine  and  stearine,  a 
smaU  quantity  of  acetine  (Cj^H^p^J,  which  yields  acetic  acid  and  glycerine 
when  saponified.  Some  of  the  constituents  of  bile  have  also  been  traced 
in  it,  as  well  as  minute  quantities  of  iodine  and  bromine. 

Butter  contains  about  two-thirds  of  its  weight  of  solid  fat,  which  con- 
sists in  great  part  of  margarine  (see  p.  580),  but  contains  also  bwtine,  which 
yields  glycerine  and  hutic  acid  (HO .  C^oHjgO^)  when  saponified.  The 
liquid  portion  consists  chiefly  of  oleine.  Butter  also  contains  small  quan- 
tities of  butyrine,  caproine,  and  caprine,  which  yield,  when  saponified, 
glycerine  and  butyric  (HO  .  CgHjOg),  caproic  (HO  .  Ci^H^Oj),  and  capric 
(HO  .  CjoHjgOg)  acids,  distinguished  for  their  disagreeable  odour. 

Fresh  butter  has  very  little  odour,  being  free  from  these  volatile  acids, 
but  if  kept  for  some  time,  especially  if  the  caseine  of  the  milk  has  been 
imperfectly  separated  in  its  preparation,  spontaneous  resolution  of  these 
fats  into  glycerine  and  the  volatile  disagreeable  acids  takes  place.  By 
saltiag  the  butter  this  change  is  in  great  measure  prevented. 

The  fat  of  the  sheep  and  ox  (suet,  or  when  melted,  tallow)  consists  chiefly 
of  stearine,  whilst  in  that  of  the  pig  (lard)  oleine  predominates  to  about 
the  same  extent  as  in  butter.  Margarine  (or  pakoitine  ?)  is  also  present  in 
these  fats. 

Human  fat  contains  chiefly  oleine  and  margarine  (or,  if  we  do  not  admit 
the  independent  existence  of  the  latter,  palniitiae  and  stearine). 

Sperm  oil,  which  is  expressed  from  the  spermaceti  found  in  the  brain 
of  the  sperm  whale,  owes  its  peculiar  odour  to  the  presence  of  a  fat  which 
has  been  called  phocenine,  but  which  appears  to  be  valerine,  as  it  yields 
glycerine  and  valerianic  acid  (HO  .  C^gHgOg)  when  saponified. 

The  beautiful  solid  crystalline  fat,  known  as  spermaceti  or  cetine,  differs 
widely  from  the  ordinary  fatty  matters,  for  when  saponified  (which  is  not 
easily  efiected),  it  yields  no  glycerine,  but  in  its  stead  another  alcohol 
termed  ethal  (C-jJIgfi^),  which  is  a  white  crystaUine  solid,  capable  of  being 
distilled  without  decomposition. 

The  soap  prepared  from  spermaceti,  when  decomposed  by  an  acid,  yields 
palmitic  acid  (HO  .  C32H31O3),  (formerly  called  ethalic  acid),  to  which  ethal 
is  the  corresponding  alcohol. 

Palmitic  acid  and  ethal  are  formed  from  spermaceti  by  tlie  assimilation  of  the 
elements  of  water,  just  as  stearic  acid  and  glycerine  are  formed  from  stearine — 

CoAA    +    2H0    =    C3,H,,0,    +  IIO.C^jH^.O,. 

Ethal.  ral.u,icacld. 


WAX. 
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Upon  the  compound  radical  theory,  etlml  would  be  represented  as  the  hydrated 
oxide  of  cetyle  (CjjHjj)© .  HO,  aud  as  the  alcohol  of  the  cetyle  scries  running  parallel 
with  the  ethyle  series.  The  following  characteristic  members  of  the  series  have 
been  studied : — 

Ethyle  Series. 
Ethylene,  C^H^ 
Ether,  CJlfi 
Alcohol,       C^H^O .  HO 
Acetic  acid,  C^H^Og .  HO 
Acetic  ether,  C^H^O .  O^H^Oj 

Chinese  wax,  the  produce  of  an  insect  of  the  cochineal  tribe,  is  analogous 
in  its  chemical  constitution  to  spermaceti.  When  saponified  by  fusion 
-with  hydi-ate  of  potash,  it  yields  cerotine  or  cer?/fo'c  alcohol  {C^^K^fi ,  HO), 
corresponding  to  ethal,  and  cerotic  acid  (HO  .  Cj^H^sOg),  corresponding  to 
palmitic  acid.  Cerotic  acid  is  also  contained  in  ordinary  bees'  wax,  from 
which  it  may  be  extracted  by  boiling  alcohol,  and  crystallises  as  the  solu- 
tion cools.    It  forms  about  two-thii-ds  of  the  weight  of  the  wax. 

Bees'  loax  also  contains  about  one-third  of  its  weight  of  mijricine 
(Cg^HgPj),  a  substance  analogous  to  spermaceti,  which  yields,  when  sapo- 
nified, pahnitic  acid  and  melissine  (C„oH,iO .  HO),  an  alcohol  con-esponding 
to  ethal.  The  colour,  odour,  and  tenacity  of  bees'  wax  appear  to  be  due 
to  the  presence  of  a  greasy  substance  called  ceroleine,  which  forms  about 
jLth  of  the  wax,  and  has  not  been  fuUy  examined.  The  tree-wax  of 
Japan  is  said  to  be  pure  pahnitiue. 

'  Wax  is  bleached  for  the  manufacture  of  candles,  by  exposing  it  in  thm 
strips  or  ribands  to  the  oxidising  action  of  the  atmosphere,  or  by  boihng 
it  with  nitrate  of  soda  and  sulphuric  acid.  Chlorine  also  bleaches  it,  but 
displaces  a  portion  of  the  hydrogen  in  the  wax,  taking  its  place  and 
causing  the  evolution  of  hydrochloric  acid  vapours  when  the  wax  is  burnt. 

The  following  table  includes  the  principal  fatty  bodies  and  their  corresponding 
acids,  with  their  fusing  points  : — 


Neutral 
Fats. 

Equivalent 
Formula. 

Chief 
Source. 

Fusing 
Point. 

Fatty 
Adds. 

Equivalent 
Fonnula. 

Fusing 
Point. 

Stearine* 

Palmitine 

Margarine 

Oleine 

Cetine 

Myricine 

CbjHjjO^ 

Tallow 
Palm  oil 
Olive  oil 

n 

Spermaceti 
Bees'  wax 

125°  to  157° 
114°  to  145° 

116° 
Below  32° 

120° 

162° 

Stearic 
Palmitic 
Margaric 
Oleic 
Palmitic 
ti 

^361136^4 
C34H,,0, 

C30H3JO., 
C32H3204 

159° 
144° 
140° 
40° 
144° 

VEGETABLE  ACIDS. 

425.  Oxalic  acid.— This  very  poisonous  acid  occurs  pretty  abundantly 
in  the  vegetable  kingdom,  being  found  in  the  leaves  of  the  wood  sorrel  as 
binoxalate  of  potash  {salt  of  sorrel,  KO  .  HO  .  2C,03  +  2Aq.),  m  the  stalks 
of  rhubarb,  in  some  sea-weeds,  as  oxalate  of  soda,  and  m  lichens,  some  of 
which  contain  more  than  half  their  weight  of  oxalate  of  lime.  Oxalate  of 
lime  has  also  been  found  in  wood.    In  certain  unhealthy  conditions  of  the 

*  stearine  and  palmitine  are  said  to  present  tluce  niodilications  with  didcrent  fusiu;; 
jioiiitH. 


CetyU  Series. 
Cetylene,  CjjHgj 
Cetylic  ether,  CjjHgj .  0 
Ethal,  C32H33O .  HO 

Palmitic  acid,  C32H31O3 .  HO 

Rnarmni^Afi        P,    TT    O  .  f!_-H_.0.. 


584 


PREPARATION  OF  OXALIC  ACID. 


animal  frame,  oxalate  of  lime  is  produced,  Ijeing  either  excreted  in  the 
urine,  or  forming  a  calculus  {inulberry  calculus)  in  the  bladder.  In  such 
cases  the  oxalic  acid  appears  to  be  formed  in  consequence  of  an  imperfec- 
tion in  that  oxidising  process  by  wliich  the  carbon  and  hydrogen  of  the 
various  parts  of  the  frame  are  finally  converted  into  carbonic  acid  (CO.J 
and  water  (HO),  the  production  of  oxalic  acid  (C^HOJ  representing  the 
penultimate  stage  of  that  process. 

With  the  exception  of  carbonic  acid,  no  carbon  compound  is  more  com- 
monly met  with  than  oxalic  acid,  as  a  product  of  the  action  of  oxidising 
agents  upon  organic  substances,  especially  upon  those  which  do  not  con- 
tain nitrogen,  such  as  sugar  (Cl2H^0^^),  starch  (Cj^HjoOjJ,  and  woody 
fibre. 

OxaKc  acid  is  largely  employed  in  calico-printing,  in  cleansing  leather 
and  brass,  as  a  solvent  for  Prussian  blue  in  the  preparation  of  blue  ink, 
&c.,  and  for  taking  iron-mould  out  of  linen.  It  is  manufactured  on  the 
large  scale  by  oxidising  saw-dust  with  a  mixture  of  hydrate  of  potash  and 
hydrate  of  soda;  the  latter  would  not  produce  oxalic  acid  without  the 
hydrate  of  potash,  and  this  alone  would  be  too  expensive.  1  eq.  of  hydrate 
of  potash  and  2  eqs.  of  hydrate  of  soda  are  mixed  in  solution,  which  should 
have  the  sp.  gr.  1-35,  made  into  a  thick  paste  with  sawdust,  and  heated 
upon  iron  plates  for  several  hours ;  hydrogen  is  evolved,  from  the  decom- 
position of  the  water  in  the  alkaline  hydrates,  the  oxygen  serving  to 
convert  the  wood  into  oxalic  acid,  which  forms  more  than  one-fourth  of 
the  weight  of  the  grey  mass  finally  obtained.  On  treating  this  mass  with 
cold  water,  a  quantity  of  oxalate  of  soda  is  left  undissolved ;  this  is  boiled 
with  hydrate  of  lime,  when  the  oxalic  acid  is  converted  into  the  insoluble 
oxalate  of  lime,  and  hydrate  of  soda  is  dissolved ;  the  oxalate  of  hme  is 
then  decomposed  by  dilute  sulphiuic  acid,  when  the  sparingly  soluble 
sulphate  of  lime  is  formed,  and  the  solution  yields  crystals  of  oxalic  acid 
(HO .  CjOg .  2Aq.)  on  evaporation.  The  whole  of  the  alkali  originally 
employed  is  recovered  by  evaporating  the  liquors  to  dryness,  calcining  to 
destroy  organic  matter,  and  decomposing  the  alkaline  carbonates  with 
hydrate  of  lime.  The  sawdust  yields  about  half  its  weight  of  crystallised 
oxalic  acid. 

Before  the  introduction  of  this.,  process,  oxalic  acid  was  sold  at  nearly 
twice  its  present  cost,  being  then  usually  obtained  by  the  action  of  nitric 
acid  either  upon  molasses  or  upon  starch-sugar*  (p.  495)  in  leaden 
vessels,  which  were  found  to  remain  unattacked  by  the  acid  as  long  as  any 
sugar  remained  unoxidised. 

For  experiment  on  the  small  scale,  oxalic  acid  may  be  prepared  by  gently  heating 
100  grains  of  starch  with  IJ  measured  ounce  of  nitric  acid  (sp.  gr.  1'38),  when 
abundant  fumes  of  nitrous  acid  (NO3)  will  indicate  the  deoxidation  suffered  by  the 
nitric  acid.  "When  this  has  abated,  the  solution  may  be  transferred  to  a  dish,  and 
slowly  evaporated  to  about  one-sixth  of  its  bulk ;  on  cooling,  a  mass  of  beautiful 
four-sided  prismatic  crystals  of  oxalic  acid  will  be  obtained. 

The  crystals  of  oxalic  acid  may  be  represented  by  the  empirical  formula 
CjHjOg,  but  when  they  are  heated  to  212°  F.  they  lose  water,  melting 
first,  if  the  heat  be  suddenly  aiDplied,t  but  efflorescing  without  fusion  if 
heated  gradually.  The  di'ied  or  effloresced  oxalic  acid  has  the  composi- 
tion CjHO^,  showing  that  2  eqs.  of  water  of  crystaUisation  have  been  ex- 

*  Hence  the  conimon  name,  acid  of  sugar. 

T  By  suddenly  heating  tlie  crystals  with  a  lamp  in  a  test-tube,  much  of  the  acid  may  be 
sublimed  m  long  prismatic  crystals. 
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pelled,  aiid  that  the  crystals  would  be  more  correctly  represented  by 
CjHO^ .  2Aq.  On  neiitKilising  oxalic  acid  with  potash  and  soda,  salts  are 
obtained  which,  when  dried  at  212°  F.,  have  the  composition  KO.  C^O,, 
and  NaO .  C^O^,  and  if  solutions  of  these  salts  be  precipitated  by  nitrate 
of  lead  or  of  silver,  the  oxalates  of  lead  (PbO .  C^Og)  and  of  silver 
(AgO .  CjOj)  are  obtained.  Hence  it  would  appear  that  the  composition 
of  anhydrous  oxalic  acid  is  Cfl.^,  and  that  the  acid  diied  at  212°  F. 
should  be  represented  as  HO .  C^Og.  All  attempts,  however,  to  procure 
Cfi  .  itself  have  failed.  If  the  dried  acid  be  heated  to  about  320°  F.,  it 
sublimes  in  crystals,  but  above  that  temperature  it  is  decomposed  into 
water,  carbonic  acid,  carbonic  oxide,  and  some  formic  acid  (see  p.  567). 
When  heated  mth  dehydrating  agents,  such  as  sulphuric  acid,  it  is  also 
decomposed  into  carbonic  acid  and  carbonic  oxide  (p.  79).  It  would 
appear,  therefore,  more  consistent  with  the  results  of  experiment,  not  to 
insist  upon  the  existence  of  the  C^Og,  but  to  write  the  dried  oxalic  acid 
as  CjHOj,  representing  its  salts  as  being  formed  by  the  displacement  of 
the  hydrogen  by  a  metal,  thus,  oxalate  of  potassium,  C^KO^,  oxalate  of 
silver,  C^AgO^.  But  oxaHc  acid  has  the  power  of  forming  acid  salts,  in 
which  only  a  part  of  the  hydrogen  is  displaced  by  the  metal,  such  as 
binoxalate  of  potassium,  KO .  HO .  2C2O.,,  or  C4(KH)0g;  it  also  forms  two 
compound  ethers,  oxalic  ether  or  oxalate  of  ethyle,  C4H5O .  Cfi..,  or 
C.,(C^H5)0j,  and  binoxalate  of  ethyle  or  oxalovinic  acid,  C^HjO  .  HO.  2C2O., 
or  C4(C^Hg)H0g ;  so  that  it  Avould  appear  to  be  necessary  that  oxalic  acid 
should  be  represented  by  the  formula  C^H^Og,  when  it  would  be  a  bihasic 
acid,  requiring  2  eqs.  of  a  metal  to  form  a  neutral  salt.  It  will  be  seen 
that  this  formula  has  been  adopted  at  p.  580,  where  oxalic  acid  is  repre- 
sented as  the  first  member  of  the  bibasic  fatty  acid  series. 

Oxalic  acid  is  rather  sparingly  soluble  in  cold  water,  requiring  about 
nine  times  its  weight ;  hot  water  dissolves  it  more  abundantly,  9,nd  it  is 
moderately  soluble  in  alcohol.  The  aqueous  solution  is  intensely  acid, 
more  nearly  resembling  the  strong  mineral  acids  than  one  of  vegetable 
origin,  and  is  exceedingly  poisonotis,  a  property  which  is  the  more  dan- 
gerous on  account  of  the  resemblance  of  the  crystallised  oxalic  acid  to 
Epsom  salts  (sulphate  of  magnesia),  from  which,  however,  it  may  be 
readily  distinguished  by  its  sour  taste  and  by  the  action  of  heat,  which 
entirely  dissipates  the  oxalic  acid,  but  only  expels  water  from  Epsom 
salts.  Fortunately,  a  considerable  quantity  of  the  acid  is  required  to 
cause  death,  in  ordinary  cases  100  grains  or  more.  The  chemical  anti- 
dote employed  to  counteract  its  effect  is  chalk  suspended  in  water,  the 
lime  of  the  chalk  combining  with  the  acid  to  form  the  insoluble  and 
harmless  oxalate  of  lime  (CaO  .  C^.,).  The  insolubility  of  the  oxalate  of 
lime  renders  the  oxalic  acid  one  of  the  most  delicate  tests  for  lime,  which 
may  be  detected,  for  example,  in  common  water,  by  adding  oxahc  acid 
and  a  slight  excess  of  ammonia,  when  a  white  cloud  of  oxalate  of  lime  is 
produced.  Conversely,  of  course,  salts  containing  calciimi  (chloride  of 
calcium,  for  instance)  may  be  employed  to  detect  oxalic  acid,  the  precipi- 
tated oxalate  of  lime  being  distinguished  from  other  similar  precipitates  by 
its  insolubility  in  acetic  acid. 

As  riiight  be  expected  from  its  composition  (CJIO^),  oxalic  acid  is 
easily  converted  into  carbonic  acid  and  water  by  oxidising  agents ;  thus, 
if  a  hot  solution  of  oxalic  acid  be  poured  upon  powdered  binoxide  of 
manganese,  violent  effervescence  takes  place  from  the  rapid  evolution  of 
carbonic  acid. 
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Binoxalate  of  potash  (KO .  HO .  2C,0.,  +  2Aq.,  or  Klie.e, .  H^O)  is 
sold  under  the  names  of  salt  of  sorrel  and  essential  salt  of  lemons,  and  is 
employed  for  the  same  purposes  as  oxalic  acid.  It  is  a  sparingly  soluble 
salt,  requiring  40  parts  of  cold  water  to  dissolve  it,  and  has  occasionally 
caused  accidents  by  being  mistaken  for  cream  of  tartar  (bitartrate  of 
potash),  from  which  it  is  readily  distinguished  by  the  action  of  heat, 
which  chars  the  bitartrate,  but  not  the  binoxalate,  an  alkaline  mass  con- 
taining carbonate  of  potash  being  left  in  both  cases. 

Quadroxalate  of  potash  (KO .  3H0 .  40,0^  +  4Aq.,or  KII,2e,e,.  2H,e) 
is  also  sometimes  sold  as  salts  of  lemon ;  it  is  even  less  soluble  than  the 
binoxalate. 

Oxalate  of  ammonia  (NHg.  HO  .  Cf>^  +  Aq.,  or  (ISrHj)^©^^^ .  H,e),  so 
much  used  in  chemical  analysis  as  a  precipitant  for  Hme,  is  obtained  by 
mixing  solution  of  oxalic  acid  with  a  slight  excess  of  ammonia,  and  eva- 
porating the  solution,  from  which  the  oxalate  of  ammonia  crystallises,  on 
cooling,  in  fine  prismatic  needles. 

The  action  of  heat  upon  this  salt  has  been  described  at  p.  649. 

Oxalate  of  silver  (AgO  .  Cf).^,  or  Ag^O^OJ  is  obtained  as  a  white  preci- 
pitate when  nitrate  of  sUver  is  added  to  oxalate  of  ammonia.  It  is  re- 
markable for  being  decomposed  with  a  slight  explosion  when  heated  in 
the  dry  state,  metallic  silver  being  left,  AgO .  C.fi^  =  Ag  -f  200^ . 

426.  Tartaric  acid. — The  most  important  of  the  vegetable  acids  is  tar- 
taric acid  (CgHPiJ,  which  occurs  in  many  fruits,  but  more  especially  in 
the  grape,  the  juice  of  which  deposits  it,  during  fermentation,  in  the  form 
of  bitartrate  of  potash,  which  is  known  in  commerce  as  tartar  or  argol. 
Tliis  salt  dissolves  with  difficulty  in  cold  water,  but  may  be  dissolved  in 
boiling  water,  from  which  it  crystallises  in  prisms  on  cooling.  When 
thus  purified,  it  is  known  as  cream  of  tartar,  and  has  the  composition 
KO.CgHgO,!,  representing  tartaric  acid  in  which  the  elements  of  one 
equivalent  of  water  have  been  replaced  by  those  of  potash.  The  solution 
of  this  salt  is  acid  to  test-papers,  and  if  it  be  neutralised  with  potash  and 
evaporated,  it  yields  crystals  of  a  very  soluble  salt,  having  the  composition 
2K0 .  CjjHPio.  This  is  regarded  as  the  neutral  tartrate  of  potash,  cream 
of  tartar  being  a  bitartrate,  KO .  HO .  CgH^joj  inasmuch  as  tartaric  acid 
is  a  bibasic  acid,  requiring  two  equivalents  of  an  alkali  to  form  a  neutral 
salt.  The  crystallised  tartaric  acid  is  therefore  regarded  as  2H0 .  CgHp^, 
the  two  equivalents  of  water  being  replaced  by  an  alkali  in  order  to  form 
a  neutral  salt,  whilst,  if  half  the  water  only  be  replaced,  an  acid  salt  or 
bitartrate  is  produced. 

In  order  to  prepare  tartaric  acid,  which  is  largely  used  in  dyeing  and 
calico-printing,  the  impure  bitartrate  of  potash  is  boiled  with  water,  and 
carbonate  of  lime  (chalk)  is  added  as  long  as  it  causes  efi'ervescence  from 
the  escape  of  carbonic  acid ;  the  result  of  this  change  is  the  formation  of 
tartrate  of  lime,  which  is  insoluble,  and  tartrate  of  potash,  which  dissolves 
in  the  water — 

2(K0 .  HO  .  Cgl-IAo)  +  2(CaO.CO,)  = 

Bitartrate  of  potash.  Carbonate  of  lime. 

2KO.C3HA0   +   2CaO.C3Hp,„   +    2H0    +  2C0,. 

Tartrate  of  potash.  Tartrate  of  lime. 

fJhloride  of  calcium  is  then  added  to  the  mixture,  which  converts  the 
whole  of  the  tartaric  acid  into  the  insoluble  tartrate  of  lime — 

2K0 .  C,H,0,„  +  2CaCl  =  2KC1  +  2raO .  CJI.O.o  • 
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Tlie  tartrate  of  lime  is  strained  olT,  washed,  and  boiled  with  diluted  sul- 
phui-ic  acid,  when  sulphate  of  lime  remains  undissolved,  and  tartaric  acid 
may  bo  obtained  in  crystals  by  evaporating  the  filtered  solution — 

2CaO.C,HPio  +  2(HO.S03)  =  2H0.C,H,0i„  +  2(CaO.S03). 

Tartrate  of  lime.  Tartaric  acid. 

Lai-ge  transparent  prisms  are  thus  obtained,  which  are  very  soluble  in 
water.  When  kept,  the  solution,  unless  very  strong,  deposits  a  ciu-ious 
fungoid  gi-owth,  and  acetic  acid  is  found  in  it.  When  heated  to  about 
340"  F.,  the  crystals  fuse  without  loss  of  weight;  but  on  examining  the 
fused  mass,  it  is  found  to  be  no  longer  tartaric  acid,  but  a  mixture  of  two 
new  acids.  One  of  these,  metatartaric  acid,  has  the  same  formula  as  tar- 
tai'ic  acid  (2H0  .  CgH^Ojo),  but  cannot  be  crystallised.  Its  salts  are  more 
soluble  in  water  than  the  tartrates,  and  are  converted  into  the  latter  when 
boiled  with  water.  The  other  acid,  isotartaric,  is  also  uncrystaUisable, 
but  has  the  formula  (HO .  CgH^Oji),  being  a  monobasic  acid,  one  equiva- 
lent of  the  basic  water  of  the  tartaric  acid  having  been  incorporated  with 
the  acid  itself.  The  isotartrate  of  potash  (KO .  CgHjOjj)  has  the  same 
composition  as  the  bitartrate  (KO .  HO  .  CgH^Oj,,),  but  is  far  more  soluble. 
It  is  converted  into  that  salt  by  boiling  with  water. 

At  374°  F.  tartaric  acid  loses  its  basic  water,  and  is  converted  into  tar- 
taric anhydride  (CgH^O^g),  which  is  a  white  insoluble  substance,  convertible 
into  tartaric  acid  by  prolonged  contact  with  water. 

Tartar-emetic. — One  of  the  commonest  salts  of  tartaric  acid  is  tartar- 
emetic,  the  double  tartrate  of  antimony  and  potash,  which  is  prepared  by 
boiling  antimony  with  sulphuric  acid,  driving  off  the  excess  of  acid  by 
heat,  and  digesting  the  residual  teroxide  of  antimony  with  cream  of  tartar 
and  a  little  water  for  some  hours.  The  changes  involved  in  the  process 
are  thus  represented — 

Sb^  +  3(H0.S0,)  =  2Sb03  +  3H0  +  SSO^ 

SbO^  +  KO .  HO .  CgHPio  -  KO.SbO^.CgHAo  +  HO. 

Bitartrate  of  potash.  Tartar-emetic. 

On  boiling  the  mixture  with  water,  and  iUtering,  the  cooled  solution 
deposits  octahedral  crystals,  of  the  formula  KO  .  SbO^ .  CgH^Oj^ .  Aq. 

The  water  of  crystallisation  may  be  expelled  at  212°  F. ;  and  if  the  salt  be 
heated  to  400°  F.  it  loses  two  additional  equivalents  of  water,  and  becomes 
KO .  SbOj .  CgHjOg,  which  is  reconverted  into  tartar-emetic  when  dissolved 
in  water. 

When  a  little  hydrochloric  acid  is  added  to  a  solution  of  tartar-emetic,  a  precipi- 
tate of  teroxide  of  antimony  is  formed,  which  dissolves  easily  in  an  excess  of  the 
acid.  If  kept  for  a  length  of  time  in  solution,  tartar-emetic  is  decomposed,  octa- 
hedral crystals  of  teroxide  of  antimony  being  deposited,  and  the  solution  ceases  to 
be  precipitated  by  hydrochloric  acid.  The  reaction  to  test-paper,  which  was 
slightly  acid,  is  now  slightly  alkaline. 

Compounds  perfectly  analogous  to  tartar-emetic  have  been  obtained,  in 
which  the  antimony  is  replaced  by  boron  or  by  arsenic,  and  the  potassium 
by  silver,  lead,  or  sodium. 

It  will  be  observed  that  tartar-emetic,  and  its  analogues,  present  an 
anomaly  in  their  composition,  for  it  might  be  expected  tliat  the  teroxide 
of  antimony  (SbO,)  would  replace  three  equivalents  of  potash  instead  of 
one.    The  composition  of  the  substance  KO .  SbO^ ,  CgH^Og  is  very  singular 
but  it  might  be  reconciled  with  that  of  crystallised  tartaric  acid  by  repre- 
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senting  it  thus,  Cg(H,KSb"')0,,,  that  is,  crystallised  tartaric  acid  {CgHfiy,), 
in  which  one  equivalent  of  hydrogen  has  been  replaced  by  potassium,  and 
three  equivalents  by  the  triatomic  antimony. 

Tlie  beautiful  prismatic  crystals  known  as  Rochelle  salt  consist  of  a 
double  tartrate  of  potash  and  soda  (KO .  NaO  .  CgH.O^o,  8Aq.),  prepared 
by  neutralising  cream  of  tartar  with  carbonate  of  soda. 

Tartaric  acid  has  been  obtained  artificially  by  the  action  of  nitric  acid 
upon  sugar  of  milk  or  gum,  which  supplies  a  link  of  connection  between 
this  acid  and  the  members  of  the  sugar  group  which  accompany  it  in 
plants. 

Tartaric  acid  is  easily  convertible  into  succinic  and  malic  acids,  as  might 
be  anticipated  from  an  inspection  of  their  formulae — 

Tartaric  acid,  .  .  2H0 .  C^fi,^ 
Malic  „  .  .  2H0.CgHp, 
Succinic  „      .       .  SHO.CgH.Og 

"When  tartaric  acid  is  heated  with  phosphorus  and  iodine  in  the  presence 
of  water  (or,  which  amounts  to  the  same  thing,  when  it  is  heated  with 
hydriodic  acid),  the  acid  is  deoxidised,  and  malic  and  succinic  acids  are 
produced,  thus — 

2HO.C8H,Oj„    +    4HI    =    2H0.C,H,0g    +    I4    +    4H0  . 

Tartaric  acid.  Succinic  acid. 

Tartaric  and  malic  acids  are  frequently  associated  in  fruits,  and  succinic 
acid  is  found  among  the  products  of  fermentation  of  grape-juice. 

Succinic  acid  may  be  reconverted  into  tartaric  acid  by  heating  it  with 
bromine  and  water,  when  it  is  converted  into  bibromosuccinic  acid, 
2H0 .  C8(H3Brj,)Oe,  which  furnishes  tartaric  acid  when  decomposed  with 
oxide  of  silver — 

2H0 .  C3(H,BrJ0,  +  2AgO  +  2H0  =  2H0 .  C^^fi^,  +  2AgBr  . 

Bibromosuccinic  acid.  Tartaric  acid. 

When  bromosuccinic  acid,  2H0 .  Cf^(R^T)0^,  is  decomposed  with  oxide 
of  silver,  maUc  acid  is  formed — 

2H0 .  C,(H3Br)0,,  +  3AgO  =  2AgO.C3H,03  +  AgBr  +  HO. 

Bromosuccinic  acid.  Malate  of  silver. 

427.  The  tartaric  acid  found  in  grapes  is  accompanied,  particularly  in  tliose  of 
certain  vintages  and  districts,  by  another  acid  called  racemic  or  paratartaric  acid, 
which  has  the  same  composition  as  tartaric  acid,  but  crystallises  with  two  equivalents 
of  water  (2H0  .  CgH^On, .  2Aq.)  The  crystalline  forms  of  these  acids  are  the  same,  but 
the  crystals  of  racemic  acid  effloresce,  from  loss  of  water,  when  exposeil  to  the  air. 
Solution  of  racemic  acid  is  precipitated  by  the  salts  of  lime,  which  do  not  precipitate 
tartaric  acid  unless  it  be  previously  neutralised.  Moreover,  although  racemic  acid 
forms,  with  potash  and  oxide  of  antimony,  a  salt  corresponding  in  composition  to 
tartar-emetic,  this  does  not  crystallise  in  octahedra,  but  in  tufts  of  needles. 

There  is  a  marked  difference  in  the  action  of  these  two  acids  and  their  salts  upon 
polarised  light,  for  solutions  of  racemic  acid  and  the  racemates  do  not  alter  the  plane 
of  polarisation,  whilst  tartaric  acid  and  the  tartrates  rotate  it  to  the  right. 

On  carefully  examining  the  crystalline  forms  of  the  tartrates,  Pasteur  observed 
that  they  generally  presented  an  exception  to  that  law  of  crystalline  symmetry,  which 
requires  that  a  modification  existing  on  any  edge  or  face  of  a  crystal  sliould  be 
repeated  on  all  its  other  similar  edges  or  faces,  whereas  in  the  crystals  of  the  tartrates, 
certain  of  the  edges  are  truncated  without  any  corresponding  modification  of  the 
others,  and  hcmihedral  forms  are  thus  produced.  Now,  in  general,  it  is  found  that  if 
a  substance  forms  hemihedral  crystals,  their  hemihedrism  is  of  such  a  character 
that  they  can  be  superposed  upon  each  other,  so  that  the  united  crystals  sliall  exhibit 
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n  perfect  symmetry  upon  each  side  of  the  plane  of  junction  ;  but  thohemiliedrism  of 
the  tartrates  is  such,  that  the  crystals  do  not  exhibit  this  symmetry  when  superposed 
upon  each  other,  but  when  one  is  superposed  upon  the  reflection  of  the  other  in  a 
mirror,  so  that  instead  of  presenting  crystals  which  are,  as  usual,  partly  right  and 
partly  left-handed  in  their  want  of  symmetry,  the  crystals  of  the  tartrates  are  either 
all  right-handed  or  all  left-handed  hemihedral  crystals. 

When  the  action  of  solutions  of  these  salts  upon  polarised  light  came  to  be 
examined,  it  was  found  that  the  right-handed  crystals  always  rotated  the  plane  of 
polarisation  to  the  right,  whilst  the  left-handed  crystals  produced  a  left-handed 
rotation. 

On  separating  the  acids  from  these  salts,  they  resembled  each  other  precisely  in 
all  their  chemical  properties,  but  the  acid  from  the  right-handed  salts  furnished 
crystals  which  were  hemihedral  right-handedly,  whilst  that  of  the  left-handed  salts 
furnished  left-handed  hemihedral  crystals ;  moreover,  the  solution  of  the  right- 
handed  acid  exerted  a  right-handed  rotation  upon  the  plane  of  polarisation,  which 
was  turned  in  the  opposite  direction  by  a  solution  of  the  left-handed  acid. 

The  former  acid  has  been  named  dextro-tartaric  acid,  and  is  the  usual  form  in 
which  this  acid  is  met  with  ;  the  other  acid  has  been  called  Isevo-tartaric  acid.  In 
their  chemical  relations  these  acids  are  perfectly  identical ;  for  the  chemist  they  are 
both  the  same  tartaric  acid,  equally  well  adapted  for  all  the  uses  to  which  this  acid 
is  applied. 

Pasteur  found  that  the  double  racemate  of  soda  and  ammonia  furnished  a  crop  of 
crystals  containing  both  right-handed  and  left-handed  hemihedral  forms,  and  on 
separating  them  by  hand,  he  found  that  the  action  of  their  solutions  on  polarised 
light  corresponded  with  their  hemihedrism,  and  on  isolating  the  acids,  the  right- 
handed  crystals  furnished  dextro-tartaric,  the  left-handed,  leevo-tartaric  acid. 

This  analysis  of  racemic  acid  was  soon  confirmed  by  its  synthesis.  On  mixing 
concentrated  solutions  of  equal  parts  of  dextro-tartaric  and  Isevo-tartaric  acids,  a 
considerable  rise  of  temperature  was  observed,  showing  that  combination  had  taken 
place,  and  the  solution  which  had  no  longer  the  power  of  rotating  the  plane  of 
polarisation  furnished  crystals  of  racemic  acid. 

This  remarkable  instance  of  chemical  combination  between  two  acids  which  are, 
in  their  chemical  properties,  perfectly  identical,  to  furnish  a  new  acid  differing  from 
both,  aiFords,  by  analogy,  some  support  to  the  theory  of  the  duplex  constitution  of 
many  elementary  and  compound  bodies. 

428.  Citric  add  {G^.^^^^  occurs  in  lemons,  oranges,  and  most  acidu- 
lous fruits.  It  is  prepared  from  lemon-juice,  wliicli  contains  the  acid,  in 
a  free  state,  by  neutralising  it  with  chalk,  when  the  citrate  of  Ume 
(3CaO .  Cj^HgOu)  is  obtained,  which  is  decomposed  by  dilute  sulphuric 
acid ;  the  filtered  solution,  when  evaporated,  yields  prismatic  crystals  of 
citric  acid,  which  contain  C-i^HgOj^.  2Aq.  They  fuse  at  212°F.,  and  lose 
the  two  equivalents  of  water  of  crystallisation.  Prom  the  formula  of  the 
citrate  of  lime,  it  wiU  be  seen  that  citric  acid  is  tribasic,  and  should  be 
■written  3H0 .  Cf^^f)^^ ;  hence,  like  ordinary  phosphoric  acid,  it  forms 
three  series  of  salts.  The  citrates  of  soda,  for  example,  have  the  com- 
position— 

3NaO.C^H,Oii.  11  Aq. 
NaO .  2H0 .  CijH^Ou .  2Aq. 
2NaO.HO.Cj,H,Oii.2Aq. 

When  citric  acid  is  heated  above  300°  F.,  it  is  converted  into  aconitic 
acid  (3H0 .  CjjH,,Oj,),  another  vegetable  acid  found  in  the  different 
varieties  of  monkshood  {acovitum) . 

Citric  acid  is  employed  in  dyeing  and  calico-printing,  as  well  as  in 
medicine. 

By  fermentation  in  contact  with  yeast,  the  citrate  of  lime  is  converted  into 
acetate  and  butyrate  of  lime,  with  evolution  of  carbonic  acid  and  hydrogen.  The 
crude  citrate  of  lime  prepared  in  Sicily,  and  imported  for  the  preparation  of  the  acid, 
is  found  sometimes  to  undergo  this  change  spontaneously,  so  that  it  has  been 
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recommended  to  neutralise  the  hot  leraon-juice  with  carbonate  of  magnesia  (which 
is  abundant  in  Italy),  when  the  tribasic  citrate  of  magnesia  is  precipitated  in  minute 
crystals.  By  dissolving  this  precipitate  in  a  fresh  quantity  of  hot  lemon-juice,  and 
evaporating,  the  bibasic  citrate  of  magnesia  is  obtained  in  crystals,  wliich  is  recom- 
mended as  the  best  form  in  which  to  import  the  acid  into  this  country. 

429.  Malic  acid  (2II0 .  CgH^Og)  is  a  crystalline  acid  found,  as  its  name  ' 
implies,  in  apples,  and  in.  many  other  fruits.    It  is  present,  together  with 
oxalic  acid,  in  rhubarb.    Tobacco  leaves  also  contain  it  in  the  form  of 
bimalate  of  lime,  CaO  .  HO .  CgH^g . 

In  order  to  extract  the  malic  acid  from  rhubarb  stalks,  it  is  converted  into  malate 
of  lime,  the  solubility  of  which  enables  it  to  be  separated  from  the  insoluble 
citrate  and  tartrate  of  lime.  The  juice  is  squeezed  out  of  the  stalks  by  a  press, 
nearly  neutralised  with  slaked  lime  suspended  in  water,  and  chloride  of  calcium 
is  added.  The  precipitate  containing  tartrate,  citrate,  phosphate,  and  oxalate  of 
lime,  is  filtered  off,  and  the  liquid  boiled  down,  when  malate  of  lime  (2CaO  .  C^H^Og) 
is  separated.  This  is  washed  and  added  to  hot  nitric  acid,  diluted  with  ten 
measures  of  water,  as  long  as  it  continues  to  be  dissolved.  On  cooling,  bimalate 
of  lime  (CaO .  HO  .  Cgll^Og)  is  deposited,  which  is  dissolved  in  water  and  decom- 
posed by  acetate  of  lead,  when  it  gives  a  curious  precipitate  of  malate  of  lead 
(2PbO .  Ogll^Og .  6Aq.),  which  becomes  crystalline  on  standing,  and  fuses  in  the 
liquid  below  the  temperature  of  boiling  water.  By  suspending  the  malate  of  lead 
in  water,  and  decomposing  it  with  hydrosulphuric  acid,  the  lead  is  separated 
as  sulphide,  and  a  solution  of  malic  acid  is  obtained,  which  gives  deliquescent 
prismatic  crystals  of  the  acid  when  evaporated  to  a  syrup  and  set  aside.  Malic 
acid  is  decomposed  by  heat  into  two  isomeric  acids,  the  malceic  and  fumaric 
2H0 .  CgHjOg ;  the  latter  is  found  in  the  plant  known  as  fumitory  (Fumaria 
officinalis). 

An  excellent  source  of  maKc  acid  is  the  juice  of  the  unripe  berries  of 
the  mountain-ash,  in  which  it  is  accompanied  by  a  volatile  oUy  acid  of 
pungent  aromatic  odour ;  this  has  been  called  'parasorhic  acid,  and  has  the 
formula  HO .  Cj^H^Og .  When  fused  with  hydrate  of  potash,  or  boiled 
with  a  strong  mineral  acid,  it  sitEfers  a  remarkable  conversion  into  a 
crystalline  solid  acid,  having  precisely  the  same  composition,  called  sorlic 
acid. 

Under  the  influence  of  yeast,  in  the  presence  of  water,  malate  of  lime  is 
converted  into  succinate  and  acetate  of  lime — 

3(2HO  .  CgHPg)  =  2(2HO .  C^H^OJ  +  HO .  C.H.Oa  +  4C0,      2H0  . 

Malic  acid.  Succinic  acid.  Acetic  acid. 

The  amide  of  malic  acid,  malamide,  CgHgN^Og  (ni^l^te  of  ammonia, 
2NH_,0  .  CgH^Og  minus  4H0),  has  attracted  some  attention,  because  it  has 
the  same  composition  as  asparagine,  a  crystalline  substance  extracted  from 
the  juice  of  asparagus,  marsh-mallow  root,  and  some  other  plants ;  but  it 
is  not  identical  with  it,  though  asparagine,  when  acted  on  by  nitrous  acid, 
yields  malic  acid — 

CgHgN,0„   +   mo,  =  2H0.CgHPg  +  2H0   +  N,. 

Asparagine.  Malic  acid. 

Asparagine  is  really  the  amide  of  another  acid,  the  aspartic,  into  the 
ammonia-salt  of  which  it  becomes  converted  when  heated  for  some  time 
with  water — 

CgHgNp„   +   2H0   =  NH,O.CgH,NO.. 

Asparagine.  Aspartate  of  ammonia. 

430.  Tannic  acid,  or  tannin  (Cs^JI„„0.^),  the  astringent  principle  of 
gall-nuts,  from  which  it  may  be  extracted  by  water,  is  characterised  by 
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two  very  useful  properties,  viz.,  that  of  yielding  a  black  precipitate  with 
the  salts  of  peroxide  of  iron,  and  of  forming  a  tough  insoluble  comijound 
with  gelatine  and  gelatigonous  membrane,  the  first  being  turned  to  account 
in  the  preparation  of  ink,  and  the  second  in  that  of  leather. 

Tor  the  preparation  of  ink,  three  quarters  of  a  pound  of  bruised  nut- 
galls  are  cUgested  in  a  gallon  of  cold  water,  and  six  ounces  of  green 
vitriol  (sulphate  of  ii'on)  are  added,  together  with  six  ounces  of  gum,  and 
a  few  drops  of  kreasote.  The  mixture  is  set  aside  for  two  or  three  weeks, 
being  occasionally  agitated,  and  the  ink  afterwards  poured  off  from  the 
undissolved  part  of  the  nut-gaUs. 

Pure  sulphate  of  iron  (FeO  .  SO3)  and  tannic  acid  might  be  mixed 
Avithout  change ;  but  when  the  mixture  is  exposed  to  the  air,  oxygen  is 
absorbed,  converting  the  protoxide  of  iron  (FeO)  into  sesquioxide  (Fe^O^), 
which  combines  with  the  tannic  acid  to  form  a  black  precipitate  of 
tannate  of  sesquioxide  of  iron,  the  exact  composition  of  wliich  is  not 
known.  The  gum  is  added  to  render  the  liquid  viscous,  so  as  to  prevent 
the  subsidence  of  the  black  precipitate,  and  the  kreasote  prevents  the  ink 
from  becoming  mouldy.  The  brown  colour  of  the  ink  in  old  manuscripts 
is  due  to  the  tannic  acid  having  been  partly  removed  by  oxidation,  leaving 
the  brown  peroxide  of  iron  ;  the  stain  of  iron-muuld  left  by  ink  on  linen 
after  washing  is  due  to  the  entire  removal  of  the  tannic  acid  by  the  alkali 
in  the  soOip. 

Tanning. — When  infusion  of  nut-gaUs  is  added  to  a  solution  of  gelatine, 
the  latter  combines  with  the  tannic  acid,  and  a  buUiy  precipitate  is 
obtained.  If  a  piece  of  skin,  which  has  the  same  composition  as  gelatine, 
be  placed  in  the  infusion  of  nut-galls,  it  will  absorb  the  whole  of  the 
tannic  acid,  and  become  converted  into  leather,  which  is  much  tougher 
than  the  raw  skin,  less  permeable  by  water,  and  not  liable  to  putrefaction. 

The  first  operation  in  the  conversion  of  hides  into  leather,  after  they 
have  been  cleansed,  consists  in  soaking  them  for  three  or  four  weeks  ia 
pits  containing  lime  and  water,  which  saponifies  the  fat,  and  loosens  the 
hair.  The  same  object  is  sometimes  attained  by  allowing  the  hides  to 
enter  into  putrefaction,  when  the  resulting  ammonia  has  the  same  effect  as 
the  Hme.  The  loosened  hair  having  been  scraped  off,  the  hides  are  soaked 
for  twelve  hours  in  water  containing  xA^*^  sulphuric  acid,  which 
removes  adhering  hme,  and  opens  the  pores  of  the  skin,  so  as  to  fit  it  to 
receive  the  tanning  liquid. 

The  tanning  material  generally  employed  for  hides  is  the  infusion  of 
oak-bark,  which  contains  querci-tannic  acid,  very  similar  in  properties  to 
tannic  acid.  The  hides  are  soaked  in  an  infusion  of  oak-bark  for  about 
six  weeks,  being  passed  in  succession  through  several  pits,  in  which  the 
strength  of  the  infusion  is  gradually  increased.  They  are  then  packed  in 
another  pit  with  alternate  layers  of  coarsely  ground  oak-bark ;  the  pit  is 
filled  with  water,  and  left  at  rest  for  three  months,  when  the  hides  are 
transferred  to  another  pit,  and  treated  in  the  same  way ;  but,  of  course,  the 
position  of  the  hides  will  be  now  reversed — that  which  was  uppermost, 
and  in  contact  with  the  weakest  part  of  the  tanning  liquor,  will  now  be 
at  the  bottom.  After  the  lapse  of  another  three  months  the  hide  is  gene- 
rally found  to  be  tanned  throughout,  a  section  appearing  of  a  uniform 
brown  colour.  It  has  now  increased  in  weight  from  30  to  40  per  cent. 
The  chemical  part  of  the  process  being  now  completed,  the  leather  is  sub- 
jected to  certain  mechanical  operations  to  give  it  the  desired  texture.  For 
tanning  the  thinner  kinds  of  leather,  such  as  morocco,  a  substance  called 
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mmach  is  used,  wliicli  consists  of  tlie  ground  shoots  of  the  Rhus  Coriaria, 
and  contains  a  large  proportion  of  tannic  acid. 

Morocco  leather  is  made  from  goat  and  sheep  skins,  which  are  denuded 
of  hail-  by  liming  in  the  usual  way,  but  the  adhering  lime  is  afterwards  . 
removed  by  means  of  a  bath  of  sour  bran  or  flour.  In  order  to  tan  the 
sldn  so  prepared,  it  is  sewn  up  in  the  form  of  a  bag,  which  is  filled  with 
infusion  of  sumach,  and  allowed  to  soak  in  a  vat  of  the  infusion  for  some 
hours.  A  repetition  of  the  process,  with  a  stronger  infusion,  is  necessary ; 
but  the  whole  operation  is  completed  in  twenty-four  hours.  The  skins 
are  now  washed  and  dyed,  except  in  the  case  of  red  morocco,  which  is 
dyed  before  tanning,  by  steeping  it  first  in  alum  or  chloride  of  tin,  as  a 
mordant,  and  afterwards  in  infusion  of  cochineal.  Black  morocco  is  dyed 
with  acetate  of  ii'on,  which  acts  upon  the  tannic  acid.  The  aniline  dyes 
are  now  much  employed  for  dyeing  morocco. 

The  kid  of  which  gloves  are  made  is  not  actually  tanned,  but  submit- 
ted to  an  elaborate  operation  called  taiving,  the  chief  chemical  features  of 
which  are  the  removal  of  the  excess  of  lime,*  and  opening  the  pores  of 
the  skin  by  means  of  a  sour  mixture  of  bran  and  water,  in  which  lactic 
acid  is  the  agent ;  and  the  subsequent  impregnation  of  the  porous  skin 
with  chloride  of  aluminum,  by  steeping  it  in  a  hot  bath  containing  alum 
and  common  salt.  The  skins  are  afterwards  softened  by  kneading  in  a 
mixtm'e  containing  alum,  flour,  and  the  yolks  of  eggs.  The  putrefaction 
of  the  skin  is  as  effectually  prevented  by  the  chloride  of  aluminum  as  by 
tanning. 

Wash  leather  and  buckskin  are  not  tanned,  but  sliamoyed,  which  con- 
sists in  sprinkling  the  prepared  sldns  with  oil,  folding  them  up  and 
stocking  them  under  heavy  wooden  hammers  for  two  or  three  hours. 
When  the  grease  has  been  well  forced  in,  they  are  exposed  in  a  warm 
atmosphere,  to  promote  the  drying  of  the  oil  by  absorption  of  oxygen 
(p.  581).  These  processes  having  been  repeated  the  requisite  number  of 
times,  the  excess  of  oil  is  removed  by  a  weak  alkaline  bath,  and  the  skins 
are  dried  and  rolled.  The  buff  colour  of  wash-leather  is  imparted  by  a 
weak  infusion  of  sumach. 

Parchment  is  made  by  stretching  lamb  or  goat  sldn  upon  a  frame,  re- 
moving the  hair  by  lime  and  scraping,  as  usual,  and  afterwards  rubbing 
with  pumice  stone,  until  the  proper  thickness  is  acquired. 

Tannic  acid,  like  many  other  proximate  constituents  of  vegetables 
{see  p.  476),  when  boUed  with  diluted  sulphuric  acid,  yields  gi-ape-sugar, 
whilst  a  new  acid  may  be  obtained  from  the  solution,  which  is  known  as 
gallic  acidt — 

CaA,0,4   +    lOHO   =    3(C,AOio)    +  C,,H,,0„. 

Tannic  acid.  Gallic  acid.  Grape-sugar. 

The  addition  of  dilute  sulphuric  acid  to  the  infusion  of  gall-nuts  pro- 
duces a  precipitate  composed  of  tannic  and  sulphuric  acids,  but  this 
dissolves  when  boiled  with  excess  of  sulphuric  acid,  suffering  the  above 
change. 

431.  Gallic  acid  (3H0 .  C^JiPi)  is  also  formed  by  the  oxidation  of 
tannic  acid  when  exposed  to  the  air,  particularly  in  the  presence  of  the 

*  Polysxilphides  of  sodium  and  calcium  are  .sometimes  employed  for  removing  tlie  Lair. 

t  It  will  be  perceived  that  tannic  acid  is  analogous  in  constitution  to  the  gluno-tartanc 
acid  mentioned  at  p.  .578,  which  splits  into  grape-sugar  and  tartaric  acid  when  boiled  with 
(lihited  sulphuric  acid,  exactly  as  tannic  acid  splits  into  grape-sugar  and  gallic  acid. 
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matters  associated  with  it  in  tlie  gall-nut,  which  seem  to  act  like  the 
ferment  in  the  qnick  vinegar  process  (p.  492).  The  method  generally 
practised  for  obtaining  gallic  acid  consists  in  exposing  powdered  nut-galls 
in  a  moist  state  to  the  action  of  the  air  for  some  weeks,  in  a  warm  place, 
when  oxygen  is  absorbed,  and  carbonic  acid  evolved,  the  powder  becoming 
covered  with  crystals  of  gallic  acid  (tannic  acid  does  not  crystallise).  By 
boiling  the  mass  with  water  the  gallic  acid  is  extracted,  and  since,  unlike 
taimic  acid,  it  is  very  spai-lngly  soluble  in  cold  water,  the  greater  portion 
crystallises  out  as  the  solution  cools,  in  long  silky  needles,  containing 
C,,H,0,.,  +  2Aq. 

In  this  process  another  acid  is  obtained  in  small  quantity,  which  is 
insoluble  in  water,  and  has  been  called  ellagie  acid  (HO .  C^H^Oy) ;  it 
possesses  some  interest,  because  it  is  found  as  a  product  of  animal  life  in 
certain  intestinal  concretions  or  bezoars,  occurring  in  the  antelopes  of 
Central  Asia. 

In  most  astringent  substances  a  small  quantity  of  gallic  acid  accom- 
panies the  tannic. 

GaUic  acid  dissolves  in  oil  of  vitriol  with  a  red  colour,  and  when  the 
solution  is  poured  into  water,  a  red-brown  precipitate  is  obtained,  called 
mfigallic  acid  (Cj^HjOiq),  which  is  interesting  from  its  property  of  dyeing 
calico  red,  if  previously  mordanted  with  alum. 

When  powdered  nut-galls  are  heated  in  an  iron  pan  surmounted  with 
a  cone  of  paper  (see  benzoic  acid,  p.  473)  to  about  420°,  a  quantity  of 
crystals  sublime  into  the  cone,  which  are  pyrogallic  acid  (Cj^H^Oj),  or 
more  properly,  ijyrogalline,  for  it  is  doubtful  whether  it  is  really  an  acid 
substance. 

Its  formation  from  the  tannic  acid  of  the  galls  is  explained  by  the 
equation — 

C,,H,A.    +    2H0    =    4(C,Hp„)    +  6C0,. 

Tannic  acid.  Pyrogallic  acid. 

As  its  name  imphes,  this  acid  may  also  be  obtained  by  the  action  of  heat 
upon  galKc  acid,  which  suffers  a  similar  decomposition.* 

This  substance  is  extensively  prepared  for  use  in  photography,  in  which 
art  its  great  tendency  to  absorb  oxygen  is  called  into  play,  rendering  it 
capable  of  decomposing  the  salts  of  silver  with  immediate  separation  of 
the  metal. 

The  solution  of  pyrogallic  acid  soon  becomes  brown  when  exposed  to 
the  air,  from  absorption  of  oxygen,  and  if  it  be  mixed  with  an  alkali,  it 
absorbs  oxygen  almost  instantaneously,  acquiring  a  very  dark  brown  coloui-. 
This  property  renders  pyrogallic  acid  very  useful  in  the  analysis  of  air 
and  of  other  gases  containing  uncombined  oxygen  ;  a  portion  of  air  con- 
fined in  a  graduated  tube  over  mercury  (see  fig. 73),  is  shaken  with  a 
strong  solution  of  potash  to  absorb  carbonic  acid,  and  the  diminution 
of  volume  having  been  noted,  some  solution  of  pyrogallic  acid  is  intro- 
duced ;  on  shaking  for  a  few  seconds,  the  oxygen  is  entirely  absorbed, 
when  the  volume  of  the  nitrogen  may  be  observed. 

The  salts  of  tannic  and  gallic  acids  are  not  very  well  knoAvn.  The 
latter  appears  to  bo  a  tribasic  acid,  so  that  its  true  formida  woidd  be 
3H0 .  0,^11,0,,  the  3II0  being  replaceable  by  a  basic  oxide. 

•  By  lieating  gallic  acid  under  pressure  witli  two  or  three  parts  of  water  to  410°  F.  for 
half-an-hour,  and  evaporating  the  solution,  it  is  said  that  tlie  theoretical  quantity  of  pyro- 
gallic acid  may  he  obtained. 

2  p 
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The  acid  character  of  pyrogallic  acid  is  very  feeble. 

The  three  acids  are  distinguished  by  their  action  upon  the  salts  of  iron. 
With  pm-e  protosulphate  of  iron  (FeO .  SO3)  neither  tannic  nor  gallic  acid 
gives  any  reaction,  but  pyrogallic  acid  gives  a  deep  indigo  blue  solution ; 
whilst  Avitb  persulphate  (Fo.O., .  SSOg)  or  perchloride  (Fefil^)  of  iron, 
the  two  former  give  a  bluish-black  precipitate,  and  pyrogallic  acid  gives 
a  bright  red  solution. 

The  presence  of  tannic  acid  in  a  vegetable  infusion  is  easily  recognised 
by  the  addition  of  percbloride  of  iron,  but  the  hue  which  is  produced  is 
not  the  same  in  all  astringent  substances,  because  they  contain  different 
varieties  of  tannin. 

All  these  varieties,  however,  differ  from  tannic  acid  properly  so  called, 
in  not  furnisMng  pyrogallic  acid  when  heated. 

The  astringent  principle  of  catechu  and  kino,  which  are  used  by  tanners, 
is  called  mimotannic  acid. 


VEGETABLE  ALKALOIDS. 

432.  In  some  plants  the  vegetable  acids  are  combined  with  vegetable 
alkalies  or  alkaloids ;  thus,  in  opium,  the  morphine  is  combined  with 
meconic  acid ;  in  cinchona  bark,  the  quinine  is  combined  with  kinic  acid. 
The  methods  adopted  for  the  separation  of  these  alkaloids  from  the  acids 
and  other  substances  associated  with  them  are  among  the  most  important 
processes  of  practical  chemistry. 

Extraction  of  the  alkaloids  from  opium. — Opium  is  the  concrete  milky- 
juice  which  exudes  on  incising  the  unripe  capsules  of  the  Papaver  somni- 
ferum,  and  is  imported  into  this  country  from  Persia,  Turkey,  Bengal,  and 
Egypt,  in  the  form  of  round  masses  or  cakes  enveloped  in  leaves ;  it  has  a 
dark  colour,  a  soft  waxy  consistence,  and  a  pecuHar  characteristic  odour. 
Different  samples  vary  much  in  composition,  but  the  following  result  of 
an  analysis  of  Smyrna  opium  will  give  an  idea  of  the  nature  of  this  com- 
plex drug : — 


\00  -pm-ts  of  Smyrna  Opium  contained — 


Gum, 

Caoutchouc, 
Resin, 
Oily  matter, 
Meconic  acid, 
Morphine,  . 
Narcotine, . 


26-2 
60 
3-6 
2-2 
50 

10-8 
6-8 


Narc6ine,  .... 
Meconine, 

Codeine,  .... 
Colouring  and  other  organic  1 
matters,      .       .  J 
Water,  .... 


6-7 
0-8 
0-7 

19-1 

9-9 


The  medicinal  value  of  opium  appears  to  be  due  chiefly  to  the  morphine 
(Cj^HjgNO^),  which  is  present,  for  the  most  part,  in  the  state  of  meconate 
of  morphine ;  in  order  to  obtain  it  in  the  separate  state,  the  opium  is  cut 
into  slices  and  digested  with  water  at  a  moderate  heat  for  two  or  three 
hours ;  the  liquor  is  then  strained  and  evaporated,  a  little  chalk  being 
added  to  neutralise  the  free  acid.  The  concentrated  solution,  containiiig 
chiefly  morphine  and  codeine,  in  combination  \nth  meconic  and  sulphuric 
acids,  is  mixed  with  solution  of  chloride  of  calcium,  when  the  meconic 
acid  is  precipitated  in  combination  with  lime,  carrying  with  it  a  great 
part  of  the  colouring  matter,  and  leaving  in  solution  the  hydrochlorates  of 
morphine  and  codeine,  wliich  may  be  obtained  in  crystals  by  evaporation. 
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The  hycli'ochlox'atos  ai-e  decolorised  with  animal  charcoal  and  recrystaUised. 
On  adding  ammonia  to  the  solution  containing  these  salts,  the  morphine 
only  is  precipitated,  and  may  he  purified  hy  crystalhsation  from  alcohol, 
which  deposits  it  in  white  rectangular  prisms,  having  the  formula 
C,,H,3N0„  +  2Aq. 

The  solution  from  which  the  morphine  has  been  precipitated  still  con- 
tains the  hydrochlorate  of  codeine,  and  on  decomposing  it  with  potash,  the 
codeine  is  precipitated  in  crystals,  of  the  composition  Cj^H^^NOg  +  2Aq. 

The  mother-liquor  from  the  hydrochlorates  of  morphine  and  codeine 
contains  narcotiae,  narceine,  meconine,  thehaine,  and  papaverine,  together 
with  resin  and  colouring  matter.* 

The  leading  features  of  morphine  are  its  sparing  solubUity  in  cold 
water,  its  bitter  taste  and  alkaline  reaction,  and  narcotic  poisonous  pro- 
perties. It  is  generally  identified  by  its  giving  an  inky  blue  colour  with 
perchloride  of  iron,  and  a  golden  yellow  with  nitric  acid. 

The  hydrochlorate  of  morphine  (C^jHjgN'Og .  HCl),  or  muriate  of  mor- 
phia, is  the  chief  form  in  which  this  alkaloid  is  used  medicinally. 

Narcotine  (C^H^jNOj^  +  2Aq.)  possesses  some  interest  as  having  been 
the  first  base  extracted  from  opium,  whence  it  may  be  obtained  by  simply 
treating  the  drug  with  ether,  in  which  the  morphine  is  insoluble.  The 
greater  part  of  the  narcotine  is  left  in  the  residue  after  exhausting  the 
opium  with  water,  from  which  it  is  extracted  by  digestion  with  acetic 
acidj  on  neutraUsing  the  solution  with  ammonia,  narcotine  is  precipi- 
tated.   It  is  a  weak  base,  and  has  no  alkaline  reaction. 

The  meconic  acid  which  exists  in  opium  is  a  tribasic  acid,  having  the 
formula  SHO .  C^HO^;  it  is  soluble  in  hot  water,  and  crystallises  on  cool- 
ing in  plates  which  contain  six  equivalents  of  water  of  crystallisation. 
It  gives  a  blood-red  colour  with  solution  of  perchloride  of  iron. 

433.  Extraction  of  quinine. — The  cinchona  or  Peruvian  hark,  so  highly 
prized  for  its  medicinal  qualities,  is  obtained  chiefly  from  the  districts 
around  the  Andes,  and  is  imported  in  three  varieties,  of  which  the  yellow 
cinchona  is  richest  in  quinine,  the  pale  or  grey  bark  in  cinchonine,  whilst 
the  red  bark  contains  both  these  bases  in  considerable  quantity.  The 
alkaloids  are  combined  with  Idnic  acid,  and  with  a  variety  of  tannin 
known  as  quinotannic  acid. 

In  order  to  extract  them,  the  bruised  bark  is  boiled  with  diluted 
hydrochloric  acid,  and  the  filtered  solution,  containing  the  hydrochlorates 
of  quinine  and  ciachonine,  is  mixed  with  enough  lime  diffused  through 
water  to  render  it  alkaline.  The  quinine  and  cinchonine,  which  are  very 
sparingly  soluble  in  cold  water  (requiring  about  400  times  their  weight  to 
dissolve  them),  are  precipitated  together  with  some  of  the  colouring 
matter  of  the  bark. 

The  precipitate  having  been  collected  upon  a  linen  strainer  and  strongly 
pressed,  is  treated  with  boUing  alcohol,  which  dissolves  both  the  alkaloids, 
leaving  any  excess  of  lime  undissolved.  A  part  of  the  alcohol  is  then 
recovered  by  distillation,  and  the  solution  containing  the  quinine  and 
cinchonine  is  neutralised  with  sulphuric  acid,  so  as  to  convert  the  alkaloids 
into  srdphates,  and  is  then  decolorised  with  animal  charcoal,  and  allowed 
to  crystalUse.  Sulphate  of  quinine,  being  much  less  soluble  in  water  than 
the  sulphate  of  cinchonine,  crystallises  out  first,  leaving  the  latter  in 
solution. 

*  KwSsia,  a  poppii  Imad  ;  vdpvti,  torpnr  ;  /uikmi/,  a  poppy. 
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The  sulphate  of  quinine  is  dissolved  in  water  and  decomposed  by  am- 
monia, when  the  quinine  is  separated  as  a  white  powder,  which  may  be 
dissolved  in  alcohol  and  crystallised. 

The  liquid  from  which  the  sulphate  of  quinine  has  been  deposited  con- 
tains, in  addition  to  the  sulphate  of  cinchonine,  another  base  having  the 
same  composition  as  quinine,  but  distinguished  from  it  by  the  indisposi- 
tion of  its  sulphate  to  crystallise.  This  base  is  termed  quinidine,  and  is 
produced  from  quinine  under  the  influence  of  an  excess  of  acid ;  it  is  the 
most  important  constituent  of  the  substance  called  guinoidine  or  amorphous 
quinine,  wliich  is  prepared  for  sale  from  the  mother-liquors  of  the  .sulphate 
of  quinine,  and  forms  a  cheap  substitute  for  quinine  in  medicine. 

Quinine  crystalHses  in  small  prisms,  wlaich  have  the  composition 
Cj^H.^lSTjO^ .  6Aq.,  and  although  sparingly  soluble,  even  in  boiling  water, 
it  has  an  extremely  bitter  taste,  wliich  is  also  possessed  by  its  salts. 

Quinine  is  employed  in  medicine  in  the  form  of  sulphate— 

(C,oH,AO..HO.S03    +  7Aq.) 

which  requires  as  much  as  700  parts  of  cold  water  to  dissolve  it,  but  is 
readily  dissolved  in  water  acidulated  with  sidphuric  acid,  when  it  is  con- 
verted into  the  acid  sulphate  of  quinine  (C^yHj^IST^O^ .  2(H0 .  SO^)). 
The  solution  is  remarkable  for  its  action  upon  light,  for  although  it  is 
perfectly  colourless  when  held  directly  in  front  of  the  eye,  if  seen  obliquely 
it  appears  to  have,  especially  at  the  edge,  a  beautiful  pale  blue  colour. 
This  phenomenon,  which  is  termed  fluorescence,  has  been  already  referred 
to  in  the  case  of  other  substances  (p.  478). 

Quinic  or  Jcinic  acid. — By  evaporating  the  infusion  of  cinchona  bark 
from  which  the  quinine  and  cinchonine  have  been  separated  by  lime, 
crystals  of  kinate  of  lime  are  obtained,  and  by  decomposing  these  with 
sulphuric  acid,  the  Jcinic  acid  (2II0  .  G^gR^fi^g)  passes  into  solution,  whence 
it  may  be  obtained  in  prismatic  crystals. 

Tliis  acid  is  chiefly  interesting  on  account  of  the  peculiar  properties  of 
some  of  its  derivatives.  When  distUled  with  sulphuric  acid  and  binoxide 
of  manganese,  the  oxygen  evolved  from  the  mixture  converts  the  kinic 
acid  into  a  new  substance,  which  condenses  in  beautiful  yellow  needles, 
called  kinone — 

2H0 .  C,,H,,0,,    +    0,    =    2(C,,HA)    +    4C0,    -f     UHO . 

Enic  acid.  Kinone. 

The  same  substance  is  obtained  in  a  similar  manner  from  one  of  the 
constituents  of  the  cofi'ee-berry  (caifeic  or  cafi'eotannic  acid).  By  dissolv- 
ing kinone  in  water  containing  sulphurous  acid  gas,  and  evaporating  the 
solution,  colourless  crystals  of  hydroTcinone  are  obtained — 

CJiA    +    4H0    +    2S0,    =    C„H,0,    +  2(HO.S03). 

Kinone.  Hydrokiuone. 

When  a  solution  of  Idnone  is  mixed  with  one  of  hydrokinone,  beauti- 
fid.  green  crystals  are  deposited,  which  are  known  as  green  hydroMnone 
(CijHp^ .  CijHgOJ,  and  may  also  be  obtained  by  the  action  of  oxidising 
agents,  such  as  ferric  chloride,  upon  hydroldnone.  When  kinone  is  acted 
on  with  hydrochloric  acid  and  chlorate  of  potash,  it  is  converted  into  a 
yellow  crystalline  body,  known  as  jpcrchlorolcinole  or  chloranile  (CijCljOj), 
which  is  also  obtained  in  a  sinular  way  from  aniline,  salicine,  and  isa- 
tine.    Potash  dissolves  it  when  heated,  givuig  a  purple  solution. 
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434.  Tlieim  or  caffeine — Tea — Guffee. — A  very  remarkable  instance  of 
the  application  of  chemistry  to  explain  the  use  of  widely  ditferent  articles 
of  diet  by  diUerent  nations,  with  a  view  to  the  production  of  certain 
analogous  eflects  upon  the  system,  is  seen  in  the  case  of  coffee,  tea,  Para- 
guay tea,  and  the  kola-nut  (of  Central  Africa),  which  are  very  dissimilar 
in  their  sensible  properties,  and  afford  little  or  no  gratification  to  the 
palate,  awing  what  attractions  they  possess  chiefly  to  the  presence,  in 
each,  of  one  and  the  same  active  principle  or  alkaloid,  which  has  a 
special  effect  upon  the  animal  economy.  This  allcaloid  is  known  as 
caffeine  or  theine,  and  is  associated  in  the  three  articles  of  diet  men- 
tioned above,  with  various  substances,  which  give  rise  to  their  diversity 
in  flavour. 

The  raw  coffee-berry  presents,  on  the  average,  the  following  composi- 
tion : — 


100  farts  of  Baiv  Coffee  contain — 

Woody  fibre,   84-0 

Water,   12-0 

Fat   12'0 

Cane  sugar  and  gum,   ....  15-5 

Legnmine,  or  some  allied  substance,     .  13'0 

Caffeine   1"5 

Caffeic  acid   4-0 

Mineral  substances,      ....  7-0 


When  the  raw  berry  is  treated  with  hot  water,  the  infusion,  which  con- 
tains the  sugar  and  gum,  the  legnmine,  caffeine,  and  caff'eic  acid  (Cj^HgO_), 
has  none  of  the  peculiar  fi-agrance  wliich  distinguishes  the  ordinary  be- 
verage, and  is  due  to  an  aromatic  volatile  oUy  substance  termed  caffeo7ie, 
formed  during  the  roasting  to  which  the  berry  is  subjected  before  use. 
This  volatile  oil,  which  is  present  in  very  minute  quantity,  is  produced 
from  one  of  the  soluble  constituents  of  the  berry  (probably  from  the 
caffeic  acid),  for  if  the  infusion  of  raw  coffee  be  evaporated  to  dryness, 
the  residue,  when  heated,  acquires  the  characteristic  odour  of  roasted 
coffee. 

The  roasting  is  effected  in  ovens  at  a  temperature  rather  below  400°  F., 
when  the  berry  swells  greatly,  and  loses  about  ^th  of  its  weight,  becoming 
brittle,  and  easily  ground  to  powder.  It  also  becomes  very  niuch  darker 
in  colour,  from  the  conversion  of  the  greater  part  of  its  sugar  into  caramel 
(p.  499),  which  imparts  the  dark-brown  colour  to  the  infusion  of  coffee. 
If  the  roasting  be  carried  too  far,  a  very  disagreeable  flavour  is  imparted  to 
the  coffee  by  the  action  of  heat  upon  the  legnmine  and  other  nitrogenised 
substances  contained  in  the  berry. 

From  100  parts  of  the  roasted  coffee,  boiling  water  extracts  about  20 
parts,  consisting  of  caffeine,  caffeic  acid,  caramel,  legnmine,  a  little  sus- 
pended fatty  matter,  fragrant  volatile  oil  (caffeono),  and  salts  of  potash 
(especially  the  phosphate).  The  undissolved  portion  of  the  coffee  contains, 
beside  the  woody  fibre,  a  considerable  quantity  of  nitrogenised  (and  nutri- 
tious) matter,  and  hence  the  custom,  in  some  countries,  of  taking  this 
residue  together  with  the  infusion. 

In  order  to  extract  the  caffeine  from  the  infusion  of  coffee,  it  is  mixed 
with  solution  of  tribasic  acetate  of  lead,  to  precipitate  the  caffeic  acid  and 
a  part  of  the  colouring  matter.  Through  tlie  filtered  solution,  sulphuretted 
hydrogen  is  passed  to  remove  the  lead  as  sulphide,  and  the  liquid  filtered 
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from  this  is  evaporated  to  a  small  bulk,  when  the  caffeine  crystallises  out 
in  white  silky  needles,  which  have  a  bitter  taste,  and  the  composition 
C^uHjqN^O^  .  2H0.    Its  basic  properties  are  very  feeble. 

The  constituents  of  the  leaves  of  the  tea-plant  {Thea  Sinentds)  exhibit  a 
general  similarity  to  those  of  the  coffee-berry.  In  the  fresh  leaf  we  find, 
in  addition  to  the  woody  fibre,  a  large  quantity  of  a  substance  containing 
nitrogen,  similar  to  legumine,  an  astringent  acid  similar  to  tannic  acid,  a 
small  quantity  of  caffeine,  and  some  mineral  constituents. 

The  aroma  of  tea  does  not  belong  to  the  fresh  leaf,  but  is  produced,  like 
that  of  coffee,  during  the  process  of  drying  by  heat,  Avhich  developes  a 
small  quantity  of  a  peculiar  volatile  oil,  having  powerful  stimulating  pro- 
perties. The  freshiy-dried  leaf  is  comparatively  so  rich  in  this  oil 
that  it  is  not  deemed  advisable  to  use  it  until  it  has  been  kept  for  some 
time. 

Green  and  black  tea  are  the  produce  of  the  same  plant,  the  difference 
being  caused  by  the  mode  of  preparation.  For  green  tea  the  leaves  are 
dried  over  a  fire  as  soon  as  they  are  gathered,  whilst  those  intended  for 
black  tea  are  allowed  to  remain  exposed  to  the  au-  in  heaps  for  several 
hours,  and  are  then  rolled  with  the  hands  and  partially  dried  over  a  fire, 
these  processes  being  repeated  three  or  four  times  to  develope  the  desired 
flavour.  The  black  colour  appears  to  be  due  to  the  action  of  the  air  upon 
the  tannin  present  in  the  leaf. 

Boiling  water  extracts  about  30  parts  of  soluble  matter  from  100  of 
black  tea,  and  36  from  100  of  green  tea.  The  principal  constituents  of 
the  infusion  of  tea  are  tannin,  aromatic  oil,  of  wliich  green  tea  contains 
about  0-8  and  black  tea  0'6  per  cent.,  and  caffeine,  the  proportion  of 
•which,  in  the  dried  leaf,  varies  from  2 '2  to  4'1  per  cent.,  beiag  present  in 
larger  quantity  in  green  tea. 

The  spent  leaves  contain  the  greater  part  of  the  legumine,  and  a  con- 
siderable quantity  of  caffeine,  which  may  be  extracted  by  boiling  them 
with  water,  and  treating  the  decoction  as  above  recommended  in  the  case 
of  coffee. 

If  tea  be  boiled  with  water,  the  solution  precipitated  with  tribasic 
acetate  of  lead,  the  filtered  liquid  evaporated  to  dryness,  and  the  residue 
cautiously  heated,  the  caffeine  subhmes  in  beautiful  crystals. 

Gocoa  and  cliocolate  are'  prepared  from  the  cacao-nut,  which  is  the 
seed  of  Theohroma  Cacao,  and  is  characterised  by  the  presence  of  more 
than  half  of  its  weight  {minus  the  husk)  of  a  fatty  substance  known  as 
cacao-hutter,  and  consisting  of  oleine  and  stearine,  which  does  not  become 
rancid  like  the  natural  fats  generally.  The  cacao-nut  also  contains  a 
large  quantity  of  starch,  a  nitrogenised  substance  resembling  gluten,  to- 
gether with  gum,  sugar,  and  theobromine,  a  feeble  base  very  similar  to 
caffeine,  but  having  the  composition  Cj^HgN^O.^. 

The  seeds  are  allowed  to  ferment  in  heaps  for  a  short  time,  which  im- 
proves their  flavour,  dried  in  the  sun  and  roasted  like  coffee,  which  de- 
velopes the  peculiar  aroma  of  cocoa.  The  roasted  beans  having  been 
crushed  and  winnowed  to  separate  the  husks,  are  groimd  in  w^arm  nulls, 
in  which  the  fatty  matter  melts  and  unites  with  the  grovmd  beans  to  a 
paste,  which  is  mixed  with  sugar  and  pressed  into  moulds.  In  the  pre- 
paration of  chocolate,  vanilla  and  spices  are  also  added. 

From  the  composition  of  cocoa  and  chocolate  it  is  seen  that  when  con- 
simied,  as  is  usual,  in  the  form  of  a  paste,  they  would  prove  far  more 
nutritious  than  mere  infusions  of  tea  and  coffee. 
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CafFeine  appears  to  be  a  methylated  derivative  from  tlieobromino,  for  when  it  is 
boiled  with  potash,  methylamiue  is  evolved,  and  by  acting  with  iodide  of  methyle 
(CHjjT)  upon  a  silver-compound  obtained  from  theobromine,  Oj/HjAKjN^O^,  the 
silver  and  methyle  change  places,  yielding  Agl  and  caiTeine,  Oi4H7(C2H3)N^O.i,  or 
mothyle-theobromine. 

435.  The  vegetable  alkali  strychnine  (Cj^Hj^N.OJ,  only  too  well  Imown 
for  its  activity  as  a  poison,  is  contained  in  croxo-jig  or  Nux-vomica,  the 
seed  of  tlie  poison-nut  tree  of  tlie  East  Indies,  and  in  several  other  plants 
of  the  same  famdy.  The  strychnine  appears  to  be  combined,  in  the  nux- 
vomica,  with  lactic  acid,  and  is  accompanied  by  a  second  alkaloid,  hrucine 
(GJS-,^fi^.  In  order  to  extract  it,  the  bruised  seeds  are  boiled  with 
water  "acidulated  with  hydi'ochloric  acid,  the  solution  is  strained,  and  ren- 
dered alkaline  by  adding  hydrate  of  lime,  which  displaces  the  strychnine 
and  brucine  from  their  combination  with  the  acid,  and  separates  them  in 
the  form  of  a  precipitate.  When  this  is  boiled  with  alcohol,  the  excess  of 
lime  remains  undissolved,  whilst  the  strychnine  and  brucine  are  carried 
into  solution ;  and  since  the  former  is  less  soluble  in  alcohol  than  the 
latter,  it  is  deposited,  before  the  brucine,  on  evaporating  the  liquid,  in  the 
form  either  of  octahedral  or  prismatic  crystals,  which  have  an  intensely 
bitter  taste.  This  remarkable  bitterness  is  one  of  the  most  prominent 
characters  of  strychnine;  for  although  7000  parts  of  water  are  required  to 
dissolve  one  part  of  this  alkaloid,  the  solution  possesses  an  intolerably 
bitter  flavour,  even  when  further  diluted  with  100  times  its  weight  of 
water.  Chloroform  and  benzole  both  dissolve  strychnine  with  great  ease; 
and  since  these  liquids  refuse  to  mix  with  water,  they  are  often  employed 
to  extract  the  poison  from  a  large  bulk  of  aqueous  liquid  by  agitating  it 
with  a  small  quantity  of  one  of  them,  which  is  then  separated  from  the 
water  and  evaporated,  in  order  to  obtain  the  strychnine  in  the  solid  form. 
Very  minute  quantities  may  then  be  identified  by  moistening  with  strong 
sulphuric  acid,  and  adding  a  minute  quantity  of  chromate  of  potash,  when 
the  chromic  acid  acts  upon  the  strychnine,  giving  rise  to  products  of  oxida- 
tion, which  pervade  the  liquid  in  the  form  of  beautiful  purple  streaks. 

Curarine,  C^B^.'N,  is  a  crystalline  alkaloid  which  has  been  extracted 
from  the  woorari  or  curara  poison  employed  by  the  American  Indians  for 
poisoning  arrows.  It  dissolves  easUy  in  water  and  alcohol,  but  not  in 
ether.    Strong  sxdphuric  acid  gives  it  a  fine  blue  colour. 

436.  Tobacco  owes  its  active  character  chiefly  to  the  presence  of  a  vege- 
table alkab  which  is  not  found  in  any  other  plant  than  the  Nicotiana 
tabacum,  from  the  leaf  of  which  the  various  forms  of  tobacco  are  manu- 
factured. This  alkali,  nicotine  (C,„H,N),  is  distinguished  from  most 
others  by  the  absence  of  oxygen,  and  by  its  liquid  condition  at  the  ordi- 
nary temperature. 

In  order  to  extract  the  nicotine  from  tobacco,  the  leaves  are  boiled  with 
Avater,  which  dissolves  the  alkaloid,  in  combination  with  malic  and  citric 
acids.  The  liquid,  having  been  strained,  is  evaporated  to  a  syrup  and 
mixed  with  alcohol,  when  it  separates  into  two  layers,  of  which  the 
upper  contains  the  salts  of  nicotine  dissolved  in  alcohol,  the  lower  aqueous 
layer  retaining  the  greater  part  of  the  extraneous  vegetable  matters.  The 
alcoholic  layer  having  been  drawn  off,  is  next  shaken  with  potash,  to 
combine  with  the  acids,  and  with  ether  to  dissolve  the  nicotine  then  set 
free.  On  decanting  the  ethereal  solution  of  nicotine  which  rises  to  the 
surface,  and  evaporating  the  ether,  the  nicotine  is  left  in  the  form  of  an 
oily  liquid,  which  is  colourless  when  perfectly  pure,  but  soon  acquires  n 
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dark  brown  colour  when  exposed  to  tlie  air.  It  is  very  readily  distiu- 
guished  by  its  very  piingont,  iiTitating  odour,  recaUing  that  of  tobacco, 
and  which  is  very  perceptible  at  the  common  temperature,  although  the 
boiling  point  of  nicotine  is  so  high  as  480°  F.  Water,  alcohol,  and  ether 
dissolve  nicotine  with  facility.  The  poisonous  action  of  this  alkaloid  upon 
animals  is  very  powerful,  death  almost  immediately  following  its  adminis- 
tration. The  Virginia  tobacco  contains  more  nicotine  than  other  varieties, 
the  alkaloid  amounting  to  nearly  7  per  cent,  of  the  weight  of  the  leaf 
dried  at  212°  F.,  whilst  the  Maryland  and  Havannah  varieties  contaia 
only  2  or  3  per  cent,  of  nicotine.  Tobacco  is  remarkable  for  the  very 
large  amount  of  ash  which  it  leaves  when  burnt,  amoimting  to  about  one- 
fifth  of  the  weight  of  the  dried  leaf,  and  containing  about  one-third  of  car- 
bonate of  potash,  resulting  from  the  decomposition  of  the  malate,  citrate, 
and  nitrate  of  potash  during  the  combustion.  The  presence  of  this  latter 
salt  in  large  quantity  (3  or  4  parts  in  100  of  the  diied  leaf)  distinguishes 
tobacco  from  most  other  plants,  and  accounts  for  the  peculiar  smouldering 
combustion  of  the  dried  leaves. 

Cigars  are  made  directly  from  the  tobacco  leaves,  which  are  oidy  mois- 
tened with  a  weak  solution  of  salt  in  order  to  impart  the  requisite  sup- 
pleness; but  snuff,  after  being  thus  moistened,  is  subjected,  in  large 
heaps,  to  a  fermentation  extending  over  eighteen  or  twenty  months,  which 
results  in  its  becoming  alkaline  from  the  development  of  carbonate  of 
ammonia  (by  the  putrefaction  of  the  vegetable  albumen  in  the  leaf)  and 
of  a  minute  quantity  of  free  nicotine,  which  imparts  the  peculiar  pungency 
to  this  form  of  tobacco.  The  aroma  of  the  snuff  appears  to  be  due  to 
the  production  of  a  peculiar  volatile  oil  during  the  fermentation.  The 
projDortion  of  nicotine  in  snuff  is  only  about  two  jjer  cent.,  being  one-third 
of  that  found  in  the  imfermented  tobacco ;  and  a  great  part  of  this  exists 
in  the  snuff  in  combination  with  acetic  acid,  which  is  also  a  result  of  the 
fermentation.  It  is  also  not  improbable  that  a  little  acetic  ether  is  pro- 
duced, and  perhaps  some  other  acids  and  ethers  of  the  acetic  series  {e.g., 
butyric  and  valerianic),  of  which  extremely  minute  quantities  would  give 
rise  to  great  differences  in  the  aroma  of  the  snuff. 

VEGETABLE  COLOUEING  MATTEES. 

437.  Notwithstanding  the  great  variety  and  beauty  of  the  tints  exhi- 
bited by  plants,  comparatively  few  yield  colouring  matters  which  are 
sufficiently  permanent  to  be  employed  in  the  arts,  the  greater  number  of 
them  fading  rapidly  as  soon  as  the  plant  dies,  since  they  are  unable  to 
resist  the  decomposing  action  of  Hght,  oxygen,  and  moistiu-e,  vmless  sup- 
ported by  the  vital  influence  in  the  plant,  some  of  them  even  fading  during 
the  life  of  the  plant,  as  may  be  seen  h\  some  varieties  of  the  rose,  which 
are  only  fidly  coloured  in  those  parts  which  have  been  partly  obscured. 

The  green  colouring  matter  of  plants  has  been  termed  chlorophyll,*  and 
is  a  resinous  substance  containmg  carbon,  hydrogen,  nitrogen,  and  oxygen, 
Avhich  has  never  yet  been  obtained  in  so  pure  a  condition  that  its  composi- 
tion could  be  accurately  determined,  since  it  cannot  be  crystallised  or 
distdled,  and  is  therefore  not  amenable  to  the  usual  methods  by  which 
organic  substances  are  obtamed  in  a  pure  state. 

When  green  leaves  are  boUed  vnth  alcohol,  the  latter  acquires  a  line 
green  colour,  and,  when  evaporated,  deposits  the  chlorophyll.    ^AHien  the 

*  XXwpot,  green;  <f>vXXov,  a  lea/. 
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alcoholic  solution  of  chlorophyll  is  boiled  with  alcoholic  solution  of 
potash,  and  hydrochloric  acid  afterwards  added,  a  yellow  precipitate  {plujl- 
loxantMne)  is  obtained,  and  a  &\e  blue  colouring  matter  {phijllocyanine) 
remains  in  solution.  The  blue  matter  contains  nitrogen,  and  both  are 
insoluble  in  water.  The  autunuial  colour  of  leaves  may  possibly  be  due 
to  the  disappeai-ance  of  the  phyllocyanine.  On  immersing  green  leaves  in 
chlorine  they  assume  an  autumnal  tint. 

The  blue  colouring  matter  contained  in  many  flowers,  such  as  the  violet, 
has  been  named  cyanine.  Acids  change  its  blue  colour  to  red,  and  hence 
the  blue  coloiu  is  exhibited  only  by  flowers  the  juice  of  which  is  neutral, 
whilst  red  flowers  yield  an  acid  juice.  The  colouring  matter  of  grapes 
and  of  red  wine  appears  to  be  identical  with  cyanine. 

Two  yellow  colouring  matters  have  been  extracted  from  flowers,  and 
have  been  named  xanthine  and  xantheine,  the  latter  being  soluble  in 
water. 

Saffron  is  a  yellow  colouring  matter  obtained  from  the  flowers  of  the 
Crocus  sativus,  which  are  themselves  of  a  blue  colour,  but  have  yellow 
anthers.  When  these  are  dried  and  pressed  into  cakes,  they  form  the 
safli-on  of  commerce,  which  is  characterised  by  its  very  remarkable  and 
somewhat  agreeable  odour.  The  yellow  colouring  matter  is  readily  dis- 
solved by  water  and  alcohol,  but  its  chemical  composition  has  not  been 
determined. 

Saffloioer  consists  of  the  petals  of  the  Gartliamus  tindorius,  a  plant 
cultivated  in  Egypt.  It  furnishes  a  red  colouring  matter  called  cartha- 
mine  (C^gHj^iJ,  which  is  used  in  dyeing,  although  it  fades  easily  when 
exposed  to  light.  It  exhibits  the  characters  of  an  acid,  being  dissolved 
by  alkalies  and  reprecipitated  by  acids,  a  circumstance  which  is  taken 
advantage  of  in  extracting  it  from  the  saffiower. 

The  orange-yeUow  colouring  matter  known  as  annatto  is  extracted  from 
the  seeds  of  the  Bixa  Orellana,  a  native  of  the  "West  Indies.  The  colouring 
principle  has  been  called  hixine,  and  is  dissolved  by  alkalies,  but  precipi- 
tated again  by  acids.    Annatto  is  used  for  colouring  butter  and  cheese. 

A  valuable  yeUow  colour  is  obtained  from  the  roehl,  or  Reseda  luteola,  by 
boUing  the  dried  leaves  with  water.  This  colouring  matter  is  termed 
luteoUne  {Q^^^fi^,  and  may  be  sublimed  in  yellow  needles.  _ 

The  woods  of  various  trees,  when  boiled  with  water,  furnish  colouring 
matters  of  considerable  importance ;  thus,  the  wood  of  Morus  tinctoria,  or 
fustic,  a  West  Indian  tree,  yields  a  crystalline  yeUow  colour  called  mori- 
tannic  acid  (C.j„Hi|.02n), 

Logivood  is  the  wood  of  the  Hmmatoxylon  Campecldanum,  which  grows 
at  Campeachy,  in  the  Eay  of  Honduras.  Its  most  important  constituent 
is  a  yellow  colouring  matter  called  hmmatoxyiine,  which  may  be  obtained 
in  needle-like  crystals  having  the  composition  (C,,„H|.iOj„,  2Aq.)  It  be- 
comes intensely  red  in  contact  with  alkalies  and  oxygen,  from  the  formation 
of  hajmatein  (C^H^Pi,).  Chromate  of  potash  gives  an  intense  black 
colour  with  infusion  of  logwood,  wliich  has  been  used  as  an  ink,  but  is  not 
permanent. 

Brazil  wood,  which  is  employed  in  the  preparation  of  red  ink,  contains 
a  colouring  matter  somewhat  resembling  that  of  logwood. 

The  well-known  Turkey  red  colour  is  obtained  from  madder,  the  root 
of  the  Jtubia  tinctorum,,  unported  from  the  south  of  Franco  and  the 
Levant.  This  root  does  not  contain  any  red  colouring  matter  during  the 
life  of  the  plant,  but  a  yellow  substance  {rubian,  CiJilj/)^),  from  the  decom- 
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position  of  wliiclL  the  madder  red  is  obtained.  There  are  several  methods 
in  use  for  obtaining  the  red  colour  from  madder.  If  the  root  be  steeped 
in  water  for  some  time,  so  that  some  of  the  nitrogenised  constituents  begin 
to  undergo  decomposition,  a  peculiar  fermentation  is  excited  in  the  rubian, 
resulting  in  its  decomposition  into  several  new  bodies,  the  chief  of  which 
are  a  red  crystaUine  colouring  matter,  alizarine  (C14H5O4 .  3Aq.),  and  an 
uncrystallisable  sugar.  The  alizarine  may  be  dissolved  out  either  by  water 
or  alcohol,  and  may  be  obtained  in  beautiful  plates  having  a  golden  lustre. 

If  the  madder  root  be  boiled  with  water,  the  rubian  is  dissolved,  and 
when  this  solution  is  boiled  with  dilute  sulphuric  acid,  the  rubian  under- 
goes a  decomposition  similar  to  that  mentioned  above,  and  the  alizarine, 
being  insoluble  in  the  dilute  acid,  is  precipitated. 

Madder,  which  has  been  treated  with  hot  sulphuric  acid,  so  as  to  decom- 
pose the  rubian,  is  used  in  print-works  under  the  name  of  garancine,  and 
yields  a  red  solution  containing  alizarine  when  boiled  with  water. 

Turmeric  is  the  root  of  an  East  Indian  plant,  the  Curcuma  longa;  its 
colouring  matter,  called  cureumine,  is  nearly  insoluble  in  water,  but  dis- 
solves in  alcohol.  Its  yellow  colour  is  changed  to  brown  by  alkalies, 
which  leads  to  its  use  in  the  laboratory  as  a  test  of  alkalioity. 

438.  Litmus,  archil,  and  cudbear  are  brilliant,  though  not  very  per- 
manent purple  and  violet  colours,  prepared  from  various  lichens,  such  as 
Roccella  tinctoria  (litmus),  and  Lecanora  tartarea  (cudbear*). 

Archil  and  cudbear  owe  their  colour  chiefly  to  the  presence  of  orceine 
(C^4H.lSr05),  which  does  not  exist  ready  formed  in  any  of  the  lichens,  but 
is  developed  duriug  the  preparation  which  they  undergo. 

If  either  of  the  above  lichens  be  digested  for  some  hours  with  lime  and 
water,  and  the  filtered  solution  be  neutralised  with  hydrocliloric  acid,  a 
white  gelatinous  precipitate  is  obtained,  which  dissolves  in  hot  alcohol, 
and  is  deposited  in  crystals  on  cooling.  This  substance  may  consist, 
according  to  the  particular  lichen  employed,  of  one  or  more  acids,  the  chief 
of  which  have  been  named  erythric  (Cg^HjgOjg),  evernic  (HO  .  C^-Jd^, 
and  lecanoric  (C_j2H^40j4)  acids.  These  acids  are  remarkable  for  the  facility 
with  which  they  furnish  compound  ethers  when  boiled  with  alcohol. 

When  either  of  these  acids  is  boiled  with  an  excess  of  lime  or  baryta,  it 
is  decomposed,  and  if  the  excess  of  base  be  removed  by  carbonic  acid,  the 
filtered  liqtiid  evaporated  to  a  syrup,  and  extracted  with  boiling  alcohol, 
the  latter  deposits  prismatic  crystals  of  orcine  (CJ4H8O4.  2Aq.)  The 
formation  of  this  body  will  be  understood  from  the  following  equations — 

C,,H,A6    +    4CaO    =    4(CaO.CO,)    +    2(C,4H,04)  . 

Ei-ytlu-ic  acid.  Orcine. 

a4H,A4  +  2(CaO.HO)  =  2(CaO .  CO,)  +  C,,TiA  +  C,,R,0,  . 

■      . ,  Evemesic  n™;„„ 

Evernic  acid.  a^ijl,  Orcme. 

Pure  orcine  is  a  colourless  substance,  but  when  exposed  to  the  joint  action 
of  ammonia  and  air,  it  is  converted  into  a  beautiful  red  colouring  matter, 
orceine — 

C,.H304  .+    mi,    +    0,    =    C,4H,N0„    +    4H0  . 

Orcine.  Orcdino. 

Orc6ine  doe.=i  not  crystallise,  and  dissolves  to  a  slight  extent  only  in  water, 
*  Said  to  liiivB  hem  naiiicrl  al'lov  Ciitlibert,  a  nianufiiclui-or  of  the  dye. 
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but  readily  in  alcoliol  and  in  alkaline  liqnids,  yielding,  in  the  latter  case, 
a  beautiful  purple  solution,  which  becomes  red  when  mixed  with  acids,  and 
deposits  red  flakes  of  orc^ine. 

The  chemistry  of  the  processes  by  which  archil  and  cudbear  are  pre- 
pared will  now  be  easily  understood.  The  powdered  lichen  is  mixed  with 
urine  (to  furnish  ammonia)  and  lime,  and  exposed  to  the  air  for  some 
weeks,  when  the  lime  decomposes  the  erythric  and  other  acids,  with  forma- 
tion of  orcine,  wliich  then  passes  into  orceine  under  the  influence  of  the 
ammonia  and  atmospheric  oxygen. 

The  preparation  of  litmus  from  the  Roecella  tinctoria  is  similar  to  that 
just  described,  but  a  mixture  of  carbonate  of  ammonia  and  carbonate  of 
potash  is  employed  instead  of  the  urine  and  lime.  The  chemical  change 
which  takes  place,  although  similar  in  principle,  is  not  precisely  identical 
with  the  foregoing,  for  the  principal  colouring  matter  developed  appears 
to  be  a  red  substance  called  azolitmine  (CjgHjoNOio),  which  differs  from 
orc^iue  by  its  insolubility  in  alcohol.  It  dissolves  in  alkaline  solutions 
with  a  beautiful  blue  colour,  wliich  is  immediately  reddened  by  acids,  a 
property  frequently  turned  to  account  by  the  chemist  for  detecting  the 
acid  reaction.  Litmus  occurs  in  commerce  in  small  cakes,  which  are  made 
up  with  chalk. 

Erythrite  (CgHj^Og)  is  a  crystalline  substance  extracted  from  various 
lichens  and  fungi,  which  forms  combinations  with  the  fatty  acids  similar 
to  those  formed  by  glycerine.  It  is  sometimes  represented  as  a  tetratomic 
alcohol  (p.  562),  (C8H,)''H, .  O3. 

439.  Indigo  blue  (Cj^HgWOj)  is  prepared  from  various  species  of  Indigo- 
fera,  grown  in  China,  India,  and  America.  The  plants  are  covered  with 
cold  water  and  allowed  to  ferment ;  as  soon  as  a  blue  scum  appears  upon 
the  surface,  a  little  lime  is  added  and  the  mixture  stirred  briskly  for  some 
time,  when  the  indigo  is  deposited  in  a  pulverulent  form ;  it  is  collected 
on  calico  strainers,  pressed,  and  cut  up  into  cakes. 

The  theory  of  the  process  is  not  yet  clearly  explained ;  it  is  certain  that 
the  indigo  blue  does  not  pre-exist  in  the  plant,  but  is  a  product  of  the 
fermentation.  Eecent  observations  have  shown  that  the  indigo  plants 
probably  contain  a  substance  called  indican  {Gr^Jl^^O.^,  which  stands 
in  a  similar  relation  to  indigo  blue  to  that  in  which  rubian  stands  to 
alizarine  (in  the  case  of  madder) ;  it  is  soluble  in  water,  and  when  heated 
with  an  acid,  splits  up  into  indigo  blue,  indigo  red,  and  a  peculiar  un- 
crystallisable  sugar.  TTie  indigo  red  may  be  extracted  from  commercial 
indigo  by  boiling  with  alcohol,  in  which  the  indigo  blue  is  insoluble. 
Since  indigo  blue  is  insoluble  in  aU  ordinaiy  solvents,  it  is  necessary,  in 
order  to  use  it  for  dyeing,  to  reduce  it  to  the  condition  of  white  indigo, 
which  is  soluble  in  alkalies. 

If  2  parts  of  protosulphate  of  iron  (copperas)  be  dissolved  in  200  parts  of 
water,  and  well  shaken  in  a  stoppered  bottle  with  1  part  of  powdered 
indigo  and  3  of  slaked  lime,  the  indigo  will  disappear,  and  on  allowing 
the  precipitate  to  subside,  a  yellow  fluid  will  be  obtahied,  which  becomes 
blue  at  the  surface  as  soon  as  it  is  exposed  to  air.  If  this  solution  be 
mixed  -with  hydrochloric  acid,  out  of  contact  with  air,  a  flocculent  precipi- 
tate of  white  indigo  is  obtained.  The  composition  of  this  substance  is 
CigH^NO^,  and  it  is  formed  from  blue  indigo  (C„;II„N"O.J  by  the  addition  of 
an  atom  of  hydrogen  derived  from  water,  the  oxygen  of  which  has  com- 
bined with  the  protoxide  of  iron  ;  one  portion  of  the  lime  combines  with 
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the  sulpluiric  acid  of  the  sulphate  of  iron,  whilst  another  serves  to  dissolve 
the  white  indigo,  which  is  soluble  in  alkaKne  liquids — 

FeO.SOa    +    CaO.HO    =    FeO .  HO    +  CaO.SOg. 

2(FeO.HO)  +  HO  +  CieH^NO,  =  Te.O^.aHO  +  Cj„H„NO, . 

Blue  indigo.  White  indigu. 

The  solution  of  wliite  indigo  prepared  by  this  process  is  employed  for 
dyeing  ILaen  and  cotton,  which  are  immersed  in  the  vat,  and  then  exposed 
to  the  air,  the  oxygen  of  which  removes  an  atom  of  hydrogen  from  the  white 
indigo,  and  the  blue  indigo  thus  formed  is  precipitated  upon  the  fibre. 

Other  reducing  agents  are  sometimes  substituted  for  the  protosulphate 
of  iron.  Even  decaying  vegetable  matter  effects  the  conversion  of  blue 
into  white  indigo  in  an  alkaline  liquid.  Thus,  for  some  purposes,  the 
vat  is  prepared  by  fermenting  a  mixture  of  indigo,  madder,  carbonate 
of  potash,  and  Ume,  when  the  hydrogen  extricated  in  the  fermentation  of 
the  vegetable  matter  converts  the  blue  into  white  indigo,  which  is  then 
dissolved  by  the  potash  liberated  from  the  carbonate  by  the  lime. 

When  cloth  is  dyed  with  iadigo  (Saxony  blue)  the  colour  is  dissolved 
by  means  of  sulphuric  acid.  Fuming  sulphuric  acid  dissolves  indigo  blue 
very  readily,  but  oil  of  vitriol  does  not  act  quite  so  weU.  The  solution 
thus  obtained  is  commonly  called  sulj>hindigotic  acid,  but  it  reaUy  contaias 
two  acids,  the  sulpJmidyUc  (HO ,  Ci^H^NO ,  2SO3)  and  hyjposulpldndigotic. 

On  heating  indigo,  it  evolves  purple  vapours,  which  condense  in  pris- 
matic crystals  of  a  coppery  lustre,  consisting  of  pure  indigotine  or  indigo 
blue  (Cj^HgNOj),  which  may  be  obtained  in  larger  quantity  by  digesting 
indigo  with  grape-sugar,  caustic  soda,  and  weak  alcohol,  when  a  solution 
of  white  iadigo  is  obtained  which  deposits  the  crystallised  indigotine  on 
exposure  to  au\ 

440.  Animal  colouring  matters. — From  the  animal  kingdom  only  two 
colouring  matters  of  any  great  importance  are  derived,  viz.,  cochineal  and 
lac,  both  which  are  obtained  from  insects  of  the  coccus  tribe.  The  colour- 
ing matter  of  cochineal  is  known  as  carmine,  and  may  be  extracted  fi-om 
the  insects  by  water  or  alcohol.  It  has  acid  properties,  and  has  been 
named  carminic  acid  (C.^gHj^Oj^,).  Carmine-laJce  is  a  combination  of  this 
acid  with  alumina,  precipitated  when  a  solution  of  alum  and  an  alkaline 
carbonate  are  added  to  one  of  cochineal. 

Dyeing  and  Calico-Printing. 

441.  The  object  of  the  dyer  being  to  fix  certain  coloiu-ing  matters  per- 
manently in  the  fabric,  his  processes  would  be  expected  to  vary  with  the 
nature  of  the  latter  and  of  the  colour  to  be  applied  to  it.  In  order  that 
uniformity  of  colour  and  its  perfect  penetration  into  the  fibre  may  be 
attained,  it  is  evident  that  the  colouring  matter  must  always  be  employed 
in  a  state  of  solution ;  and  it  must  be  rendered  fast,  or  not  removable  b}'' 
washing,  by  assuming  an  insoluble  condition  in  the  fibre.  The  simplest 
form  of  dyeing  is  that  in  which  the  fibre  itself  forms  an  insoluble  com- 
pound with  the  colouring  matter.  Thus,  if  a  skein  of  silk  be  immersed 
in  a  solution  of  indigo  in  sulj^huric  acid,  it  removes  the  whole  of  the 
colouring  matter  from  the  liquid,  and  may  then  be  washed  with  water 
without  losing  colour ;  but  if  the  same  experiment  be  tried  with  cotton, 
the  indigo  wiU  not  be  withdrawn  from  the  solution,  and  when  the  cotton 
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has  been  well  sqiieezed  and  rinsed  with  water,  it  will  become  white  again. 
It  may  be  stated  generally,  that  the  animal  fabrics  (sillc  and  wool)  wOl 
absorb  and  retain  colouring  matters  with  much  greater  facility  than 
vegetable  fobrics  (cotton  and  linen).  In  the  absence  of  so  x^owerful  an 
attraction  between  the  fibre  and  the  coloining  matter,  it  is  usual  to  impreg- 
nate the  fabric  with  a  mordant  or  substance  having  an  attraction  for  the 
colour,  and  capable  of  forming  an  insoluble  combination  with  it,  so  as  to 
retaiu  it  permanently  attached  to  the  fabric.  Thus,  if  a  piece  of  cotton 
be  boiled  ia  a  solution  of  acetate  of  aliunina,  the  alumina  will  be  precipi- 
tated in  the  fibre ;  and  if  the  cotton  be  then  soaked  in  solution  of 
cochineal  or  of  logwood,  the  red  colouring  matter  will  form  an  insoluble 
compound  (or  lulie)  with  the  alumina,  and  the  cotton  will  be  dyed  of  a 
fast  red  colour. 

Another  method  of  fixing  the  colour  in  the  fabric  consists  in  impregnat- 
ing the  latter  with  two  or  more  hquids  in  succession,  by  the  admixttu'e 
of  which  the  coloiu'  may  be  produced  in  an  insoluble  state.  If  a  piece  of 
any  stuff  be  soaked  in  solution  of  perchloride  of  iron,  and  afterwards  in 
ferrocyanide  of  potassium,  the  Prussian  blue  which  is  precipitated  in  the 
fibre  will  impart  a  fast  blue  tint. 

An  indispensable  preliminary  step  to  the  dyeing  of  any  fabric  is  the 
removal  of  all  natural  grease  or  colouring  matter,  which  is  effected  by 
processes  varying  with  the  nature  of  the  fibre,  and  is  preceded,  in  the 
cases  of  cotton  and  woollen  materials  which  are  to  receive  a  pattern,  by 
certain  operations  of  shaving  and  singeing  for  removing  the  short  hairs 
from  the  surface. 

From  linen  and  cotton,  the  extraneous  matters  (such  as  grease  and  resin) 
are  generally  removed  by  weak  solution.s  of  carbonate  of  potash  or  of 
soda,  and  the  fabrics  are  afterwards  bleached  by  treatment  with  chloride 
of  lime  (p.  145).  But  since  the  fibres  of  silk  and  wool  are  much  more 
easily  injured  by  alkalies  and  by  chlorine,  greater  care  is  requisite  in 
cleansing  them.  Silk  is  boiled  with  a  solution  of  white  soap  to  remove 
the  gum,  as  it  is  technically  termed  ;  but  the  natural  grease  is  extracted 
from  wool  by  soaking  at  a  moderate  temperature  in  a  weak  bath  either  of 
soap  or  of  ammoniacal  (putrefied)  urine.  Both  silk  and  wool  are  bleached 
by  sulphurous  acid  (p.  197). 

Among  the  red  dyes  the  most  important  are  madder,  Brazil  wood, 
cochineal,  lac,  and  the  colours  derived  from  aniline. 

In  dyeing  red  with  madder  or  Brazil  wood,  the  linen,  cotton,  or  wool 
is  first  mordanted  by  boiling  in  a  solution  containing  alum  and  bitartrate 
of  potash,  when  it  combines  with  a  part  of  the  alumina,  and  on  plunging 
the  stuff  into  a  hot  infusion  of  madder,  the  colouring  matter  forms  an  in- 
soluble combination  with  that  earth. 

To  dye  Turkey-red,  the  stuff  is  also  mordanted  with  ali;m,  but  has  pre- 
viously to  undergo  several  processes  of  treatment  with  oil  and  with  galls, 
the  necessity  of  which  is  satisfactorily  established  in  practice,  though  it  is 
not  easy  to  explain  their  action.  The  colour  is  finally  brightened  by 
boiling  the  stuff  with  chloride  of  tin. 

Woollen  cloth  is  dyed  scarlet  with  lac  or  cochineal,  having  been  first 
mordanted  by  boiling  in  a  mixture  of  bichloride  of  tin  and  bitartrate  of 
potash. 

The  aniline  colours  (see  p.  456)  are  employed  for  dyeing  silk  and  wool, 
either  without  any  mordant  or  with  the  help  of  albumen. 

Blues  are  generally  dyed  with  indigo  (p.  603),  or  with  Prussian  blue ;  in 
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tlie  latter  case  tlie  stuff  is  steeped  successively  in  solutions  of  a  salt  of 
peroxide  of  iron  and  of  ferrocyanide  of  potassimn.  Aniline  blue  is  also 
much,  employed  for  sQlc  and  woollen  fabrics. 

The  principal  yellow  dyes  are  weld,  quercitron,  fustic,  annatto,  chrys- 
aniline,  and  chi-omate  of  lead.  For  the  four  first  colouring  matters 
aluminous  mordants  are  generally  applied.  Chxomate  of  lead  is  produced 
in  the  fibre  of  the  stuff,  which  is  soaked  for  that  purpose,  first  in  a  solu- 
tion of  acetate  or  nitrate  of  lead,  and  then  in  chromate  of  potash. 

Carbazotic  acid  (p.  461)  is  also  sometimes  employed  as  a  yellow  dye. 

In  dyeing  blacks  and  browns,  the  stuffs  are  steeped  first  in  a  bath  con- 
taining some  form  of  tannin  (p.  590),  such  as  infusion  of  galls,  sumach  or 
catechu,  and  afterwards  in  a  solution  of  a  salt  of  iron,  different  shades 
being  produced  by  the  addition  of  indigo,  of  sulphate  of  copper,  &c. 

442.  The  art  of  caHco-prititing  differs  fi'om  that  of  dyeing,  in  that  the 
colour  is  required  to  be  applied  only  to  certain  parts  of  the  fabric,  so  as 
to  produce  a  pattern  or  design  either  of  one  or  of  several  colours. 

A  common  method  of  printing  a  coloured  pattern  upon  a  white  ground 
consists  in  impressing  the  pattern  by  passing  the  stuff  under  a  roller,  to 
which  an  appropriate  mordant  thickened  with  British  gum  (p.  486)  is  ap- 
plied. The  stuff  is  then  dunged,  i.e.,  drawn  through  a  -mixture  of  cow- 
dung  and  water,  which  appears  to  act  by  removing  the  excess  of  the 
mordant,  and  afterwards  immersed  in  the  hot  dye-bath,  when  the  colom- 
becomes  permanently  fixed  to  the  mordanted  device,  but  may  be  removed 
from  the  rest  of  the  stuff  by  washing. 

If  the  pattern  be  printed  with  a  solution  of  acetate  of  iron,  and  the 
stuff  immersed  in  a  madder-bath,  a  lilac  or  black  pattern  will  be  obtained 
according  to  the  strength  of  the  mordant  employed.  By  using  acetate  of 
alumina  as  a  mordant,  the  madder-bath  would  give  a  red  pattern. 

A  process  which  is  the  reverse  of  this  is  sometimes  employed,  the 
pattern  being  impressed  with  a  resist,  that  is,  a  substance  which  ■will  pre- 
vent the  stuff  from  taking  the  colour  in  those  parts  which,  have  been 
impregnated  with  it.  For  example,  if  a  pattern  be  printed  with  thickened 
tartaric  or  citric  acid,  and  the  stuff  be  then  passed  through  an  aluminous 
mordant,  the  pattern  will  refuse  to  take  up  the  alumina,  and  subse- 
quently, the  colour  from  the  dye-bath.  Or  a  pattern  may  be  printed  with 
nitrate  of  copper,  and  the  stuff  passed  through  a  bath  of  reduced  indigo 
(p,  603),  when  the  nitrate  of  copper  will  oxidise  the  indigo,  and  by  con- 
verting it  iuto  the  blue  insoluble  form,  will  prevent  it  firom  sinking  into 
the  fibre  on  those  parts  to  which  the  nitrate  has  been  applied,  wliilst  else- 
where, the  fibre,  having  become  impregnated  with  the  wliile  indigo, 
acquires  a  fast  blue  tint  when  exposed  to  the  air. 

Sometimes  the  stuff  is  uniformly  dyed,  and  the  colour  discharged  in 
order  to  form  the  pattern.  A  white  pattern  is  produced  upon  a  red 
(madder)  or  blue  (indigo)  ground  by  printing  with  a  thickened  acid  dis- 
charge, and  passing  the  stuff  through  a  weak  bath  of  chloride  of  lime, 
which  removes  the  colour  from  those  parts  only  which  were  impregnated 
with  the  acid  (p.  145).  By  adding  nitrate  of  lead  to  the  acid  discharge, 
and  finally  passing  the  stiiff  through  solution  of  chromate  of  potash,  a 
yellow  pattern  (chromate  of  lead)  may  be  obtained  upon  the  madder  red 
ground. 

By  applying  nitric  acid  as  a  discharge,  a  yellow  pattern  may  be  obtained 
upon  an  indigo  ground  (p.  125). 


DIFFICULTIES  OF  ANIMA.L  CHEMISTRY. 


607 


Very  brilliant  designs  are  produced  by  mordanting  tlio  stuiF  in  a  solu- 
tion of  stannate  of  potash,  or  soda  (p.  388),  and  immersing  it  in  dilute  sul- 
phuric acid,  which  precipitates  the  stannic  acid  in  th.e  fibre.  When  tbe 
tliickened  coloui-ing  matters  are  printed  on  in  patterns,  and  exposed  to  the 
action  of  steam,  an.  insoluble  compound  is  formed  between  th.e  colour  an.d 
the  stannic  acid,  which,  usually  exhibits  a  very  fine  and  permanent  colour. 

It  is  evident  that  by  combining  the  principles  of  which  an  outline  has 
just  been  given,  the  most  varied  parti-coloured  patterns  may  be  printed. 

ANIMAL  CHEMISTEY. 

443.  Our  acqiiaintance  with  the  chemistry  of  the  substances  composing 
the  bodies  of  animals  is  still  very  limited,  although  the  attention  of  many 
accomphshed  investigators  has  been  directed  to  this  branch  of  the  science. 
The  reasons  for  this  are  to  be  found,  firstly,  in  the  susceptibility  to  change 
exhibited  by  animal  substances  when  removed  from  the  influence  of  hfe ; 
and  secondly,  in  the  absence,  in  such  substances,  of  certain  physical  pro- 
perties by  which  we  might  be  enabled  to  separate  them  from  other  bodies 
with  which  they  are  associated,  and  to  verify  thek  purity  when  obtained 
in  a  separate  state.  Two  of  the  most  important  of  these  properties  are 
volatility  and  the  tendency  to  crystallise.  When  a  substance  can  suffer 
distillation  without  change,  it  will  be  remembered  that  its  boiUng  point 
affords  a  criterion  of  its  purity;  or  if  it  be  capable  of  crystallising,  this 
may  be  taken  advantage  of  in  separating  it  from  other  substances  which 
crystallise  more  or  less  easily  than  itself,  and  its  purity  may  be  ascertained 
from  the  absence  of  crystals  of  any  other  form  than  that  belonging  to  the 
substance.  But  the  greater  number  of  the  components  of  animal  frames  can 
neither  be  crystaUised  nor  distilled,  so  that  many  of  the  analyses  which 
have  been  made  of  such  substances  differ  widely  from  each  other,  because 
the  analyst  could  never  be  sure  of  the  perfect  purity  of  his  material ;  and 
even  when  concordant  results  have  been  obtained  as  to  the  percentage 
composition  of  the  substance,  the  atomic  formula  deduced  from  it  has  been 
of  so  singular  and  exceptional  a  character  as  to  cast  very  strong  suspicion 
upon  the  purity  of  the  substance. 

Accordingly,  the  chemical  formulae  of  a  great  many  animal  substances 
are  perfectly  unintelligible,  conveying  not  the  least  information  as  to  the 
position  in  which  the  compound  stands  with  respect  to  other  substances, 
or  the  changes  which  it  might  xindergo  under  given  circumstances. 

It  has  been  shown  in  the  previous  chapters  of  this  work  that  we  are 
gradually  learning  to  class  all  compound  bodies  under  a  few  typical  forms, 
so  that  the  chemical  properties  of  any  substance  may  in  many  cases  be 
predicted  from  its  composition  as  indicating  the  type  to  which  it  belongs. 
Take,  for  example,  the  class  of  alcohols  (C^nHsn  +  aOj),  or  of  volatile  acids 
(C2,Hj„0,),  or  of  ammonias  (XY.,),  and  it  wiU  be  seen  that  even  those 
formulffi  which  are  apparently  the  most  complex,  are  perfectly  intelligible 
when  referred  to  their  proper  type  (p.  542).  But  the  extraordinary  for- 
mulae, for  example,  deduced  from  the  ultimate  analysis  of 

Albumen,       C2,„H,„i,N270b8S„  and 
Caseine,  CjaaHj^gNgPooSa 

cannot  be  referred  to  any  known  type,  and  refuse  to  be  classed  with  other 
substances,  even  if  a  type  were  invented  expressly  for  them. 
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Animal  chemistry  is  for  the  above  reasons  in  a  very  hackward  condition, 
as  compared  with  vegetable  and  mineral  chemistry,  though  an  observation 
of  the  pro'^ress  of  research  affords  us  the  consolation,  that  a  steady  advance 
is  being  made  towards  a  generalisation  of  the  facts  which  have  been  dis- 
covered, especiaUy  by  analogical  reasoning  from  those  two  other  depart- 
ments of  the  science.  n  ^    •  j_  i      ^x.    ^  j 

]y[jLK  The  chemistry  of  milk  is  well  adapted  to  introduce  the  study 

of  animal  chemistry,  because  that  liquid  contains  representatives  of  all  the 
substances  which  make  up  the  animal  frame;  and  it  is  on  this  account 
that  it  occupies  so  high  a  position  among  articles  of  food. 

Although,  to  the  unaided  eye,  milk  appears  to  be  a  perfectly  homo- 
geneous fluid,  the  microscope  reveals  the  presence  of  innumerable  globules 
floating  in  a  transparent  liquid,  which  is  thus  rendered  opaque.  If  milk 
be  very  violently  agitated  for  several  hours,  masses  of  an  ody  fat  (butter, 
p.  582)  are  separated  from  it,  and  leave  the  liquid  transparent.  This  fat 
was  originally  distributed  throughout  the  milk  m  minute  globules  enclosed 
in  very  thin  membranes,  which  were  torn  by  the  violent  agitation,  and 
the  fatty  globules  then  cohered  into  larger  masses. 

For  the  preparation  of  butter,  it  is  usual  to  allow  the  milk  to  stand  for 
some  hours,  when  a  layer  of  cream  collects  upon  the  surface,  the  proportion 
of  which  is  very  variable,  but  is  generally  about  -^th.  of  the  volume  of  the 
mUk.  This  cream  contains  about  5  per  cent,  (by  weight)  of  fat,  3  per 
cent,  of  caseine,  and  water.  When  the  cream  is  churned,  the  enclosmg 
membranes  of  the  fat  globules  are  broken,  and  the  fat  unites  into  a  semi- 
soUd  mass  of  butter,  from  which  the  butter-ndlk  containing  the  caserne 
may  be  separated.  If  this  be  not  done  effectuaUy,  the  caseine  which  is 
left  in  the  butter,  being  a  nitrogenised  substance,  will  soon  begin  to  decom- 
pose, and  wm  induce  a  decomposition  in  the  butter  (p.  582),  resulting  in 
the  elimination  of  certain  volatile  acids,  which  impart  to  it  a  rancid  and 
offensive  taste  and  odour.  To  prevent  this,  salt  is  generally  added  to 
butter  which  has  been  less  carefully  prepared,  in  order  to  preserve  the 
caseine  from  decomposition. 

Pure  butter  is  essentially  a  mixture  of  margarine  and  oleine  with  smaller 
quantities  of  other  fats,  such  as  butyriae,  caprine,  and  caproine  (p.  582). 

Fresh  milk  is  sHghtly  alkaline  to  test-papers,  but  after  a  short  tune  it 
acquires  an  acid  reaction;  and  if  it  be  then  heated,  it  coagulates  from  the 
separation  of  the  caseine.  This  spontaneous  acidification  of  milk  is  caused 
by  the  fermentation  of  the  sugar  of  milk,  under  the  influence  of  the  caserne, 
which  results  in  the  production  of  lactic  acid,  according  to  the  equation— 

C,,H,A=     =  2(H0.C,HA)- 

Sugar  of  milk.  Lactic  acid. 

The  caseine,  being  insoluble  in  the  acid  fluid,  separates  in  the  form  of 
curd.  This  development  of  lactic  acid  is  spoken  of  as  the  lactic  fei-mmia- 
tion,  and  may  be  excited  not  only  in  milk  sugar,  but  in  other  substances 
analogous  to  it.  This  is  taken  advantage  of  in  the  preparation  of  lactic 
acid,  for  which  purpose  8  parts  of  cane-sugar  are  dissolved  m  50  parts  of 
water,  and  1  part  of  poor  cheese  with  3  parts  of  chalk  are  added  to^^the 
mixture,  which  is  then  allowed  to  remain  for  some  weeks  at  about  80  F. 
The  lactic  acid  formed  from  the  cane-sugar  {C,,B.M,  under  the  mfluence 
of  the  changing  caseine  in  the  cheese,  combines  with  the  lime  of  the  chalk, 
disengaging  the  carbonic  acid,  and  forming  crystals  of  lactate  of  hme 
(CaO .  C^H^O,).    This  is  dissolved  in  boiling  water,  recrystallised  m  order 
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to  purify  it,  and  digested  -vvitli  one- third  of  its  weight  of  sulphuric  acid 
which  converts  the  lime  into  sulphate,  liberating  the  lactic  acid ;  by  add- 
ing alcohol,  the  whole  of  the  sulphate  of  lime  is  precipitated,  and  the 
lactic  acid  is  dissolved  by  the  alcohol,  which  leaves  it  on  evaporation  as  a 
colourless,  syrupy,  very  acid  liquid,  which  may  be  distUled,  though  with 
some  loss  from  decomposition,  if  heated  out  of  contact  with  air. 

By  heating  lactic  acid  to  about  270°  F.  for  a  considerable  length  of 
time,  an  equivalent  of  water  is  expelled  from  it,  and  the  lactic  anhydride 
(CgHjOj)  is  left  as  a  brownish  glassy  substance,  which  is  reconverted  into 
the  hydrated  acid  by  boiling  with  water.  At  a  temperature  of  500°  F. 
lactic  acid  imdergoes  a  destructive  distillation,  the  most  interesting  pro- 
duct of  which  is  a  transparent  crystalline  substance  called  lactide  (C^'H.fi^), 
differing  from  lactic  acid  by  the  elements  of  two  equivalents  of  water, 
which  it  resumes  when  dissolved  in  that  liquid,  being  converted  into 
hydrated  lactic  acid  (C^H^Og).  When  lactic  acid  is  heated  with  hydriodic 
acid  in  a  sealed  tube,  it  is  converted  into  propionic  acid — 

HO.C^HA    +    2HI    =    HCC^HjOg    +    2H0    +  I,. 

Lactic  acid.  Propionic  acid. 

Lactic  acid  is  an  important  constituent  of  the  animal  body,  being  found 
in  the  juice  of  muscular  flesh,  in  the  gastric  juice,  &c. 

If  milk  be  maintained  at  a  temperature  of  about  90°  F.,  the  fermenta- 
tion induced  by  the  caserne  results  in  the  production  of  alcohol  and  car- 
bonic acid,  for  although  milk-sugar  is  not  fermented  like  ordinary  sugar 
by  contact  with  yeast,  it  appears,  under  the  influence  of  the  changing 
caserne  at  a  favourable  temperature,  to  be  converted  first  into  grape-sugar 
(p.  490),  and  afterwards  into  alcohol  and  carbonic  acid.  The  Tartars  pre- 
pare an  intoxicating  liquid,  which  they  call  koumiss,  by  the  fermentation 
of  milk. 

When  an  acid  is  added  to  milk,  the  caseine  is  separated  in  the  form  of 
curd,  in  consequence  of  the  neutralisation  of  the  soda  which  retains  it 
dissolved  in  fresh  milk,  and  this  curd  carries  with  it,  mechanically,  the 
fat  globules  of  the  mUk,  leaving  a  clear  yellow  whey. 

In  the  preparation  of  cheese,  the  nulk  is  coagulated  by  means  of  rennet, 
which  is  prepared  from  the  lining  membrane  of  a  calf's  stomach.  This  is 
left  in  contact  with  the  warm  milk  for  some  hours,  until  the  coagulation  is 
completed.  This  action  of  rennet  upon  millc  has  not  yet  received  any  satis- 
factory explanation.  The  curd  is  collected  and  pressed  into  cheeses,  which 
are  allowed  to  ripen  in  a  cool  place,  where  they  are  occasionally  sprinkled 
with  salt.  The  peculiar  flavour  which  the  cheese  thus  acquires  is  due  to 
the  decomposition  of  the  fatty  matter  under  the  influence  of  the  caseine, 
giving  rise  to  the  production  of  certain  volatile  acids,  such  as  butyric, 
valerianic,  and  caproic,  which  have  very  powerful  and  characteristic  odours. 
If  this  ripening  be  allowed  to  proceed  very  far,  ammonia  is  developed  by 
the  putrefaction  of  the  caseine,  and  in  some  cases  the  ethers  of  the  above- 
mentioned  acids  are  produced,  at  the  expense  probably  of  a  little  sugar  of 
milk  left  in  the  cheese,  conferring  the  peculiar  aroma  perceptible  in  some 
varieties  of  it. 

The  difl"erent  kinds  of  cheese  are  dependent  upon  the  land  of  milk 
used  in  their  preparation,  the  richer  cheeses  being,  of  course,  obtained 
from  milk  containing  a  large  proportion  of  cream  ;  such  cheese  fuses  at  a 
moderate  heat,  and  makes  good  toasted  cheese,  whilst  tliat  which  contains 
little  butter  never  fuses  completely,  but  dries  and  shrivels  like  leather, 
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Oaseine.  The  pure  curd  of  miUc  is  known  as  caseine,  and  consists 

essentially  of  carbon,  hydrogen,  nitrogen,  oxygen,  and  a  small  proportion 
(one  per  cent.)  of  sulphur.  The  simplest  expression  of  the  result- of  the 
analysis  of  caseine,  in  formula,  would  be  C^^^B.^^^^f>^^,  but  the  anoma- 
lous complexity  of  this  formula  conveys  a  suspicion  that  the  composition  of 
piu-e  caseine  has  yet  to  be  fixed.  By  whatever  process  it  has  been  purified, 
hitherto  it  has  always  been  found  to  retain  saline  matters.  The  com- 
plexity of  its  composition  accounts  for  its  liability  to  undergo  putrefactive 
decomj)osition. 

Coagulated  caseine  is  characterised  by  the  facility  with  which  it  is  dis- 
solved by  alkaline  solutions,  such  as  carbonate  of  soda,  yielding  a  liquid 
upon  the  surface  of  which,  when  boiled,  an  insoluble  pellicle  forms,  exactly 
similar  to  that  which  forms  upon  the  surface  of  boiled  nulk.  Coagiilated 
caseine  may  also  be  dissolved  by  acetic  or  oxalic  acid,  but  the  addition  of 
sulphuric  or  hydrochloric  acid  reprecipitates  it,  these  acids  apparently 
forming  insoluble  compounds  with  caseine. 

If  skimmed  milk  be  carefully  evaporated  to  dryness,  and  the  fat  extracted 
from  the  residue  by  ether,  the  caseine  is  left  in  the  soluble  form  mixed 
with  milk-sugar,  and  is  capable  of  dissolving  in  Avater  or  in  weak  alcohol. 

Caseine  appears  to  possess  the  properties  of  a  weak  acid,  since  it 
combines  both  with  the  alkalies  and  alkaline  earths,  and  is  even  said  to 
be  capable  of  partially  neutralising  the  former.  A  mixture  of  cheese  and 
slaked  Hme  is  sometimes  used  as  a  cement  for  earthenware,  the  caseine 
combining  with  the  lime  to  form  a  hard  insoluble  mass.  The  curd  of 
milk,  washed  and  dried,  is  used  by  calico-printers,  under  the  name  of 
lactarine,  for  fixing  colours.  If  it  be  dissolved  in  weak  ammonia,  mixed 
with  one  of  the  aniline  dyes,  printed  on  calico,  and  steamed,  the 
ammonia  is  expelled,  and  the  colour  is  left  behind  as  an  insoluble  com- 
pound with  the  caseine. 

Caseine,  or  a  substance  so  closely  resembling  it  as  to  be  easUy  con- 
founded with  it,  is  found  in  peas,  beans,  and  most  leguminous  seeds.  If 
dried  peas  be  crushed  and  digested  for  some  time  in  tepid  water,  a  turbid 
liquid  is  obtained,  holding  starch  in  suspension.  If  this  be  allowed  to 
settle,  the  clear  liquid  is  an  impure  aqueous  solution  of  legumine,  or  vege- 
table caseine,  which  constitutes  about  one-fourth  of  the  weight  of  the  peas; 

This  solution  is  not  coagulated  by  heat,  but  becomes  covered  with  a 
peUicIe  similar  to  that  which  forms  upon  the  surface  of  boiled  milk.  It 
is  coagulated  by  acetic  acid  and  by  rennet,  just  as  is  the  case  with  the 
caseine  of  milk. 

Sugar  of  inillc. — When  whey  is  evaporated  to  a  small  bulk  and  allowed 
to  cool,  it  deposits  hard  white  prismatic  crystals  of  sugar  of  milk,  or 
lactine  (Cj^Hj^OiJ,  which  is  much  less  soluble,  and  therefore  less  sweet 
than  cane-sugar. 

Like  this  latter  it  may  be  converted  into  grape-sugar  (Ci.,H,40,4)  by 
taking  up  the  elements  of  two  equivalents  of  water  when  boiled  with 
dilute  acids.  MUk-sugar  resembles  the  other  sugars  in  its  capability  of 
combining  with  some  bases,  such  as  the  alkalies,  allcaluie  earths,  and  oxide 
of  lead  j  with  the  latter  it  forms  two  insoluble  compounds,  viz. — 

C,,Hi,Oi,,  5PbO  and  C^^H^^O,, .  lOPbO  . 

At  about  300°  F.  the  crystals  of  milk-sugar  fuse,  and  part  with  five 
equivalents  of  water,  so  that  it  does  not  appear  improbable  that  its  true 
formula  should  be  written  C.,^Hi„0,;, .  5H0. 
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It  will  be  seen  that  the  characteristic  constituents  of  mUk  are  the 
caserne  and  milk-sugar,  hut  the  proportions  in  which  tliese  are  present 
vary  widely,  not  only  with  the  animal  from  wliich  the  milk  is  obtained, 
hut  with  the  food  and  condition  of  the  animal.  A  general  notion  of  their 
relative  quantities,  however,  may  be  gathered  from  the  following  table, 
exhibiting  the  results  of  the  analyses  made  by  Boussingault : — 


"Water,    .  . 
Butter,    .  . 
Milk-sugar, 
Sohible  salts, 
Caseiue, 
Insoluble  salts 


,) 


Cow. 


87-4 
4-0 

5  0 
3-6 


Ass. 


90-6 
1-7 


Goat. 


82-0 
4-5 

4-5 
9-0 


Woman. 


88-4 

2-  5 

4-8 

3-  8 


;  The  soluble  salts  present  in  milk  include  the  phosphates  of  potash  and 
soda,  and  the  chlorides  of  potassium  and  sodium,  whilst  the  insoluble 
salts  are  the  phosphates  of  lime,  magnesia,  and  oxide  of  u'on.  All  these 
salts  are  in  great  request  for  the  nourishment  of  the  animal  frame. 

The  milk  supplied  to  consumers  living  in  towns  is  subject  to  consider- 
able adidteration ;  but  in  most  cases  tliis  is  effected  by  simply  removing 
the  cream  and  diluting  the  skimmed  milk  with  water,  a  fraud  which  is 
not  easily  detected,  as  might  be  supposed,  by  determining  the  specific 
gravity  of  the  milk,  for  since  nulk  is  heavier  than  water  (1'032  sp.  gr.), 
and  the  fatty  matter  composing  cream  is  lighter  than  water,  a  certain 
quantity  of  cream  might  be  removed,  and  water  added,  Avithout  altering . 
the  specific  gravity  of  the  milk. 

The  most  satisfactory  method  of  ascertaining  the  quality  of  the  milk 
appears  to  consist  in  setting  it  aside  for  twenty-four  hours  in  a  tall  narrow 
tube  (lactometer),  divided  into  100  equal  parts,  and  measuring  the  pro- 
portion of  cream  which  separates,  this  averaging,  in  pure  millc,  from  eleven 
to  thirteen  divisions.  By  shaking  milk  with  a  little  potash  (to  dissolve 
the  membrane  which  envelopes  the  fat  globules)  and  ether,  the  butter  may 
be  dissolved  in  the  ether  which  rises  to  the  surface,  and  if  this  be  poured 
off  and  allowed  to  evaporate,  the  weight  of  the  butter  may  be  ascertained. 
1000  grains  of  milk  should  give,  at  least,  27  or  28  grains  of  butter. 
Since,  however,  the  millc  of  the  same  cow  gives  very  different  quantities 
of  cream  at  different  times,  it  is  difficult  to  state  confidently  that  adultera- 
tion has  been  practised.  It  is  said  that  certain  yellow  colouring  matters, 
such  as  annatto  and  turmeric,  as  well  as  gum,  starch,  &c.,  arc  occasionally 
employed  to  confer  an  appearance  of  richness  upon  impoverished  milk. 

444.  Blood.— The  blood  from  which  the  various  organs  of  the  body 
directly  receive  their  nourishment  is  the  most  important,  as  well  as  the 
most  complex  of  the  animal  fluids.  Its  chemical  examination  is  attended 
with  much  difficulty,  on  account  of  the  rapidity  with  which  it  changes 
after  removal  from  the  body  of  the  animal. 

On  examining  freshly  drawn  blood  under  the  microscope,  it  is  observed 
to  present  some  resemljlance  to  milk  in  its  physical  constitution,  consist- 
ing of  opaque  flattened  globules  floating  in  a  transparent  liquid;  tlio 
globules,  in  the  case  of  blood,  having  a  well-marked  red  colour. 

2  Q  2 
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COMPOSITION  OF  BLOOD  GLOBULES. 


In  a  few  minutes  after  the  blood  has  been  drawn,  it  begins  to  assume 
a  gelatinous  appearance,  and  the  semi-solid  mass  thus  formed  separates 
into  a  red  solid  portion  or  clot,  whicb  continues  to  shrink  for  ten  or 
twelve  hours,  and  a  clear  yellow  liquid  or  serum.  It  might  be  supposed 
that  this  coagulation  is  due  to  the  cooling  of  the  blood,  but  it  is  found  by 
experiment  to  take  place  even  more  rapidly  when  the  temperatui-e  of  the 
blood  is  raised  one  or  two  degrees  after  it  has  been  drawn ;  and  on  the 
other  hand,  if  it  be  artificially  cooled,  its  coagulation  is  retarded.  Indeed, 
the  reason  for  this  remarkable  behaviour  of  the  blood  is  not  yet  understood. 

If  the  coagulum  or  clot  of  blood  be  cut  into  slices,  tied  In  a  cloth,  and 
well  washed  in  a  stream  of  water,  the  latter  runs  off  with  a  bright  red 
colour,  and  a  tough  yellow  filamentous  substance  is  left  upon  the  cloth ; 
this  substance  is  called  fibrins,  and  its  presence  is  the  proximate  cause  of 
the  coagulation  of  the  blood,  for  if  the  fresh  blood  be  well  whipped  with 
a  bundle  of  twigs  or  glass  rods,  the  fibrine  will  adhere  to  them  in  yellow 
strings,  and  the  defibrinated  blood  wiU  no  longer  coagulate  on  standing. 
If  this  blood,  from  which  the  fibrine  has  been  extracted,  be  mixed  -with 
a  large  quantity  of  a  saline  solution  (for  example,  8  times  its  bulk  of  a 
saturated  solution  of  sulphate  of  soda),  and  allowed  to  stand,  the  red 
globules  subside  to  the  bottom  of  the  vessel. 

These  globules  are  minute  bags  of  red  fluid,  enclosed  in  a  very  thin 
membrane  or  cell-wall,  and  if  water  were  mixed  with  the  defibrinated 
blood,  since  its  specific  gravity  is  lower  than  that  of  the  fluid  in  the 
globules,  it  would  pass  through  the  membrane  (by  endosmose),  and  so  swell 
the  latter  as  to  break  it  and  disperse  the  contents  through  the  Hquid. 

The  red  fluid  contained  in  these  blood  globules  consists  of  an  aqueous 
solution,  containing  as  its  principal  constituents  a  substance  known  as 
glohuline,  which  very  nearly  resembles  albumen,  and  the  peculiar  colour- 
ing matter  of  the  blood,  which  is  called  hcematine. 

Beside  these,  the  globules  contain  a  little  fatty  matter  and  certain 
mineral  constituents,  especially  the  iron  (which  is  associated  in  some 
unknown  form  with  the  colouring  matter),  the  chlorides  of  sodium  and 
potassium,  and  the  phosphates  of  potash,  soda,  lime,  and  magnesia. 

Though  the  quantities  of  these  constituents  are  not  invariable,  even  in 
the  same  individual,  the  following  numbers  may  be  taken  as  representiug 
the  average  composition  of  these  globules  : — 

1000  parts  of  Blood  Globules  contain — 

Water   688-00       Organic  substances  of  1  g-eO 

Globuline,       .       .       .    282-22  unknown  nature,  .  J 

Hsematine,      .       .       .     16-75       Mineral  substances,*  .  8-12 
Fat,        ....  2-31 

The  mineral  substances  consist  of- — 

Potassium,      .       .       .     3-328       Oxygen,  ....  0-667 

Phosphoric  acid,      .       .     1-134       Phosphate  of  lime,  .       .  0-114 

Sodium,  ....     1-052       Phosphate  of  magnesia,  .  0-073 

Chlorine,        .       .      .     1-686       Sulphuric  acid,       .       .  0-066 

Glohuline  is  a  substance  very  similar  in  its  character  and  composition 
to  albumen ;  it  is  found  also  in  large  proportion  in  the  matter  composing 
the  crystalline  lens  of  the  eye. 

The  hoBinatine  or  kcematosine  must  be  accounted  the  most  important 

*  Exclusive  of  the  iron  which  is  associated  mth  the  hsematiue. 
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constituent  of  the  blood  globules,  since  it  appears  to  be  more  intimately 
connected  than  any  other  mth  the  functions  discharged  by  the  blood  in. 
nutrition  and  respiration. 

In  order  to  obtain  it  in  the  separate  state,  the  blood  globides  are  boiled 
with  alcohol  acidulated  with  sulphuric  acid,  and  the  red  solution  mixed 
with  carbonate  of  ammonia,  which  separates  the  greater  part  of  the  globu- 
line ;  the  filtered  liquid  is  evaporated  to  di-yness,  and  all  soluble  matters 
are  extracted  by  successive  treatments  with  water,  alcohol,  and  ether.  By 
again  dissolving  the  brown  residue  in  alcohol  containing  ammonia,  filter- 
ing, evaporating  to  di-yness,  and  removing  any  soluble  matter  by  water,  a 
dark  brown  substance  is  obtained,  which  is  supposed  to  be  pure  hsematine, 
though  no  longer  in  the  soluble  state  in  which  it  existed  in  the  blood.  It 
is  now  dissolved  only  by  alkalies  or  by  acididated  alcohol. 

In  its  chemical  composition  hfematine  is  remarkable  for  the  presence 
of  iron,  associated  in  a  very  intimate  manner  with  carbon,  hydrogen, 
nitrogen,  and  oxygen,  so  that  it  cannot  be  recognised  by  the  ordinary- 
tests.  The  formula  which  has  been  assigned  to  it  is  C4^H22N30gPe,  but  it 
is  rather  doubtful  whether  it  has  been  analysed  in  a  perfectly  pure  state. 

The  most  important  chemical  property  of  hsematine  is  its  behaviour 
with  oxygen.  It  is  well  known  that  the  blood  issuing  from  an  artery  has 
a  much  brighter  red  colour  than  that  drawn  from  a  vein,  and  that  when 
the  latter  is  allowed  to  coagulate,  the  upper  part  of  the  clot,  which  is  in 
contact  with  the  air,  is  brighter  than  the  lower  part. 

When  the  dark  red  blood  drawn  from  a  vein  is  shaken  up  with  air  or 
oxygen,  a  quantity  of  the  latter  is  absorbed,  and  a  nearly  equal  volume  of 
carbonic  acid  is  disengaged,  the  dark  red  colour  being  at  the  same  time 
changed  to  the  bright  red  characteristic  of  arterial  blood.  The  carbonic 
acid  exists  already  formed  in  the  venous  blood,  and  is  given  off  if  the 
blood  is  exposed  under  an  exhausted  receiver.  The  condition  assumed 
by  the  oxygen  when  absorbed  by  the  blood  is  not  yet  clearly  imderstood, 
but  it  is  generally  allowed  that  the  conversion  of  venous  into  arterial 
blood  is  due  to  the  displacement  of  carbonic  acid  by  oxygen. 

The  liquid  in  which  the  blood  globules  float  is  an  alkaline  solution  con- 
taining albumen,  fibrine,  and  saline  matters  in  about  the  proportions  here 
indicated, 

1000  parts  of  Liquor  Sanguinis  contain — • 

Organic  substances  of  un- 1  g.g^ 
known  nature.      .       .  J 


"Water,    ....  902-90 

Albumen,       .       .       .  78-84 

Fibrine   4-05 

Fat   1-72 


known  nature. 
Mineral  substances,  .       .  8-55 


The  mineral  substa/nces  consist  of- 


Sodium   8-341 

Chlorine   8-644 

Potassium,      .       .       .  0-323 

Oxygen,  ....  0-403 


Phosphoric  acid,      .  .  0-191 

Sulphuric  acid,        .  .  0-115 

Phosphate  of  lime,  .  .  0-811 

Phosphate  of  magnesia,  .  0-222 


The  alkaline  character  of  this  liquid  appears  to  bo  due  to  the  presence  of 
carbonate  and  phosphate  of  soda. 

The  albumen  present  in  the  seinm  of  blood  eauses  it  to  coagulate  to  a 
gelatinous  mass  when  heated,  this  property  being  the  distinctive  feature 
of  albumen.    This  substance  may  be  obtained  as  a  transparent  yellow 
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mass,  resembling  gum,  and  dissolving  slowly  in  water,  by  evaporating 
either  serum  of  blood  or  white  of  egg  below  120°  F. ;  but  if  the  terajjera- 
tnre  be  raised  above  that  point,  the  albumen  is  coagulated,  and  cannot  be 
redissolved  in  water  unless  heated  with  it  under  pressure. 

Albumen,  like  caseine,  has  never  been  obtained  perfectly  free  from 
saline  matters,  particularly  the  alkaline  and  earthy  phosphates,  and  much 
difficulty  attends  the  exact  determination  of  its  composition.  The  simplest 
formula  which  can  be  assigned  to  it  is  C^jjIIjggN'j^Oi.gSj. 

It  wiU  be  remembered  that  a  substance  identical  with,  or  very  closely 
resembling,  albumen,  and  known  as  vegetable  alhumen,  is  found  in  those 
vegetable  juices  which  are  coagulated  by  heat. 

Fibrine,  as  existiug  in  blood,  differs  from  all  other  animal  substances 
by  its  tendency  to  spontaneous  coagulation.  When  coagulated  it  exhibits 
characters  very  similar  to  those  of  coagulated  albiunen;  but  when  sepa-- 
rated  from  the  freshly  drawn  blood  by  violent  stirring,  it  forms  elastic 
strings  vrhich  dry  into  a  yellow  horny  mass.  Fibrine  is  one  of  the  most 
important  constituents  of  the  animal  frame,  for  aU  muscidar  flesh  consists 
of  this  substance.  The  gluten  found  in  the  seeds  of  the  cereaha  bears  a 
very  close  resemblance  to  fibrine,  and  is  often  called  vegetable  Jibrine. 

The  same  formula  has  been  often  assigned  to  fibrine  as  to  albumen,  and 
its  complexity  would  explain  its  disposition  to  putrefy  when  removed 
from  the  influence  of  life.  It  does  not  appear  quite  certain  that  the 
fibrine  dissolved  in  the  blood  is  identical  in  composition  with  that  of 
muscular  fibre.  Some  analyses  have  shown  that  the  muscular  fibrine  con- 
tains more  oxygen  than  blood-fibrtne,  and  this  latter  more  than  albiunen, 
affording  some  groimd  for  the  belief  that  the  blood-fibrkie  represents  the 
transition  state  between  the  albumen  of  the  serum  and  the  muscular  flesh 
into  which  it  is  eventually  converted. 

Albumen,  fibrine,  and  caseine  have  been  regarded  by  some  chemists 
as  compounds  of  the  same  primary  substance  (proteine)  combined  with 
different  proportions  of  sulphur  and  phosphorus,  the  proteine  being 
isolated  by  boiling  the  albuminous  body  with  potash  and  precipitating  the 
solution  by  an  acid.  The  composition  usually  assigned  to  this  substance 
is  CgglljjN^O^j ;  but  since  it  is  neither  crystaUisable  nor  capable  of  conver- 
sion into  vapour,  there  is  no  proof  of  its  purity ;  and  the  great  use  which 
has  been  made  of  this  substance  by  writers  on  animal  chemistry  is  due  to 
the  apparent  simplicity  which  it  confers  upon  the  relations  existing 
between  the  numerous  modifications  of  albumen,  fibrine,  and  caseine,  the 
ultimate  formulse  of  which  present  so  high  a  degree  of  complexity. 

Eggs. — The  shell  of  the  egg  contains  about  nine-tenths  of  its  weight  of 
carbonate  of  Lime,  associated  mth  animal  matter.  The  white  of  egg  con- 
sists of  albumen  (about  12  per  cent.),  water  (about  86  per  cent.),  and 
small  quantities  of  soluble  salts.  It  is  alkaline,  from  the  presence  of  a 
little  soda.  Eaw  white  of  egg  has  no  smell  of  sulphui-etted  hydrogen, 
and  does  not  blacken  silver ;  but  after  boiling,  both  these  properties  are 
manifested,  showing  that  it  suffers  some  decomposition  during  coagulation. 

Yolk  of  egg  contains  a  modification  of  albumen  termed  vitelline,  and 
owes  its  colour  to  a  yellow  oil  which  may  be  extracted  with  ether,  and 
contains  phosphoric  acid.  The  yolk  of  hens'  eggs  has  about  half  the 
weight  of  the  white,  and  commonly  contains  about  half  its  weight  of 
water,  16  per  cent,  of  vitelline,  30  per  cent,  of  fat,  and  1-5  per  cent,  of 
saline  matters. 
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445.  Flesh. — Tho  fibrino  comiaosing  miiscular  flesh  coutains  about 
three-fourths  of  its  weight  of  water,  a  jjart  of  which  is  duo  to  the  blood 
contained  in  the  vessels  traversing  it,  and  another  part  to  the  juice  of  flesh, 
which  may  be  squeezed  out  of  the  chopped  flesh.  In  this  juice  of  flesh 
there  are  certain  substances  wliich  appear-  to  play  a  very  important  part  in 
nutrition.  The  liquid  is  distinctly  acid,  which  is  remarkable  when  the 
alkaline  character  of  the  blood  is  considered,  and  contains  phosphoric, 
lactic,  and  butyric  acid,  together  with  kreatine,  inosite,  and  saline  matters. 
By  soaking  minced  flesh  in  cold  water  and  well  squeezing  it  in  a  cloth,  a 
red  fluid  Is  obtained  containing  the  juice  of  flesh  mixed  with  a  Httle 
blood.  When  the  liquid  is  gently  heated,  the  albumen  of  the  blood  and 
of  the  juice  is  coagulated  in  flakes  stained  with  the  colouring  matter; 
the  liquid  filtered  from  these  may  be  mixed  with  baryta  water  to  precipi- 
tate the  phosphoric  acid ;  and  after  a  second  filtration,  evaporated  to  a 
syrupy  consistence  and  set  aside,  when  beautiful  colourless  prismatic 
crystals  are  obtained,  consisting  of  a  feeble*  organic  base  called  kreatme; 
the  composition  of  which  is  represented  by  the  formula  CgHgNjO, .  2Aq. 

The  quantity  of  this  substance  obtained  from  the  flesh  of  difi'erent 
animals  varies  very  considerably,  that  of  fowls  having  been  found  hitherto 
most  productive,  and  next  that  of  fish.  1000  parts  of  the  flesh  of  fowl 
furnished  3-2  parts  of  ki-eatine,  1000  parts  of  cod,  1-71  of  kreatme,  and 
1000  of  beef,  0-70  parts.    Human  flesh  is  said  to  contain  a  large  proportion 

of  kreatine.  ^    ^      j.         i  • 

When  boiled  with  acids,  kreatine  loses  the  elements  ot  water,  and  is 

converted  into  a  powerful  base  caUed  kreatinine  (CgH^Np,),  which  is  also 

found  in  mmute  proportion,  accompanied  by  kreatine,  in  the  urine.  _ 
Boiled  with  alkaUes,  ki-eatine  gains  the  elements  of  water,  and  furnishes 

two  organic  bases,  urea  (also  found  in  urme),  and  sarcosine  (trapi,  flesh). 
C,HAO,   +    2H0   =   C,H,N,0,   +    QH^NO, . 

Kreatine.  Urea.  Sarcosina 

From  the  concentrated  flesh-extract  which  has  deposited  the  kreatine, 
there  may  be  obtained,  by  careful  treatment,  crystals  of  a  sweet  substance 
called  inosite  ov  sugar  of  flesh,  and  having  the  composition  Ui,fii,U^., .  4:Aq. 
At  a  temperature  below  212°  F.  it  loses  two  equivalents  of  water  and  has 
then  the  same  composition  as  dry  grape-sugar,  C-^Ji^Pu'  '^"^^  wnicn, 
however,  it  is  certamly  not  identical 

Inosite  has  been  obtained  in  very  minute  proportion  from  flesh,  but 
unripe  beans  are  said  to  yield  as  much  as  0-75  per  cent,  of  tins  mterestmg 


sugar. 


The  saline  constituents  of  the  juice  of  flesh  are  chiefly  phosphates  of 
potash,  magnesia,  and  lime,  with  a  little  cUoride  of  sodium. 

It  is  worthy  of  notice  that  potash  is  the  predominant  aU.a  i  m  the 
juice  of  fleshf  whilst  soda  predominates  in  the  blood,  especiaUy  m  the 

'™ordin<^  to  Liebig,  the  acidity  of  tlie  juice  of  flesh  is  chiefly  due  to 
the  acS  phV^hate  of'potash,  /o  .  2H0  .  P0„  whdst  the  « 
the  blood  is  ciused  by  the  phosphate  oi  soda,  2NaO  .  HO  .  1  O  ,  and  it 
ha^been  suggested  that  tho  electric  currents  which  have  been  traced  m 
the  nuif^cular  fibres  are  due  to  tho  mutual  action  between  the  acid  juico  of 
fle*  and  the  alkaline  Iflood,  separated  only  by  thm  membranes  from  6ach 
other,  and  from  the  substance  of  the  muscles  and  nerves. 

*  From  Kpiav,  flesh. 
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The  average  composition  of  flesh  may  be  represented  as  follows  : — 

Water   78 

Fibrine,  vessels,  nerves,  cells,  \  ,  _ 

&c.,      .       .       .       .  1 

Albumen,  ....  2-5 

Other   constituents   of  the  l  „ - 

juice  of  flesh,        .  .J 


100-0 

Cooking  of  Meat. — A  knowledge  of  the  composition  of  the  juice  of  flesh 
explains  the  practice  adopted  in  boiling  meat,  of  immersing  it  at  once  in 
boiling  water,  instead  of  placing  it  in  cold  water,  which  is  afterwards 
raised  to  the  boiling  point.  In  the  latter  case,  the  water  would  soak  into 
the  meat,  and  remove  the  important  nutritive  matter  contained  in  the 
juice ;  whilst,  ia  the  former,  ttie  albumen  ia  the  external  layer  of  flesh  is 
at  once  coagulated,  and  the  water  is  prevented  from  penetrating  to  the 
iaterior.  In  making  soup,  of  course,  the  opposite  method  should  be  fol- 
lowed, the  meat  being  placed  in  cold  water,  the  temperature  of  which  is 
gradually  raised,  so  that  all  the  juice  of  flesh  may  be  extracted,  and  the 
muscular  fibre  and  vessels  alone  left. 

The  object  to  be  attained  in  the  preparation  of  beef-tea,  is  the  extraction 
of  the  whole  of  the  soluble  matters  from  the  flesh,  to  effect  which  the 
meat  should  be  minced  as  finely  as  possible,  soaked  for  a  short  time  in  an 
equal  weight  of  cold  water,  and  slowly  raised  to  the  boiling  point,  at 
wluch  it  is  maintained  for  a  few  minutes.  The  liquid  strained  from  the 
residual  fibrine  contains  all  the  constituents  of  the  juice  except  the 
albumen,  which  has  been  coagulated. 

When  meat  is  roasted,  the  internal  portions  do  not  generally  attain  a 
sufficiently  high  temperature  to  coagulate  the  albumen  of  the  juice,  but 
the  outside  is  heated  far  above  212°  F. ;  so  that  the  meat  becomes 
impregnated  to  a  greater  extent  with  the  melted  fat,  and  some  of  the  con- 
stituents of  the  juice  in  this  part  sufi'er  a  change,  which  gives  rise  to  the 
peculiar  flavour  of  roast  meat.  The  brown  sapid  substance  thus  pro- 
duced has  been  caUed  osmazome*  but  nothing  is  really  known  of  its  true 
nature. 

In.  salting  meat  for  the  purpose  of  preserving  it,  a  great  deal  of  the 
juice  of  flesh  oozes  out,  and  a  proportionate  loss  of  nutritive  matter  is  sus- 
tained. 


446.  Oelatine. — When  portions  of  meat,  containing  cartilages  (gristle) 
or  tendons,  are  boiled  for  some  time  with  water,  the  liquid  so  obtained 
sets  to  a  jeUy  on  cooling.  This  is  due  to  the  presence  of  gelatine  or 
chondrine,  or  both — substances  so  nearly  resembling  each  other,  that  they 
were  long  confounded  under  the  name  of  gelatine.  The  difference  in  their 
origin  is  that  gelatine  is  obtained  by  the  action  of  water  at  a  high  tem- 
perature on  skin,  membrane,  and  bone,t  whilst  chondrine  is  obtained  in 
the  same  way  from  the  cartilages.  In  theii-  properties  there  is  very  little 
difference,  the  most  important  being  that  a  solution  of  chondrine  is  preci- 
pitated by  acetic  acid,  by  alum,  and  by  acetate  of  lead,  which  do  not  pre- 
cipitate gelatine. 

In  composition  there  is  a  considerable  difference  between  gelatine  and 
I  mF*""  "5/*^,  odcnw;  ^w/xSt,  soup. 

I  J.  lie  animal  matter  of  bone  appears  to  be  isomeric  with  gelatine,  and  is  called  osseinc. 
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chondrine,  the  latter  containing  considerably  more  oxygen  and  less  nitro- 
gen.   The  simplest  formnlis  which  have  been  assigned  to  them  are — 

Gelatine,  .  .  .  '  Cg^H^jNuOga 
Chondrine,      .       .       .  07^1151^303.^ 

but  they  both  contain  phosphates  of  lime  and  magnesia  in  a  very  intimate 
state  of  association. 

The  characteristic  properties  of  gelatine  are  the  tendency  of  its  solution 
to  gelatinise  on  coohng,  and  the  formation  of  an  insoluble  compound  with 
tannic  acid.  The  latter  is  the  foundation  of  the  art  of  tanning  (p.  591), 
and  the  former  is  turned  to  account  in  the  preparation  of  jelly,  size,  and 
glue.  A  solution  containing  only  one  per  cent,  of  gelatine  wiU  set  on 
coohng,  though  if  it  be  repeatedly  boiled  it  loses  this  property. 

Isinglass  is  a  very  pure  variety  of  gelatine  prepared  &om  the  air  bladder 
of  fishes,  especially  of  the  sturgeon. 

For  the  manufacture  of  glue  the  refuse  and  parings  of  hides  are  gene- 
rally employed,  after  being  cleansed  from  the  hair  and  blood  by  steeping 
in  lime  water,  and  thoroughly  exposed  to  the  air  for  some  days,  so  as  to 
convert  the  lime  into  carbonate,  and  prevent  the  injurious  effect  of  its 
alkaline  character  upon  the  gelatine.  They  are  then  boded  with  water 
tin  the  solution  is  found  to  gelatinise  firmly  on  cooling,  when  it  is  run 
off  into  another  vessel,  where  it  is  kept  warm  to  allow  the  impurities  to 
settle  down,  after  which  it  is  allowed  to  gelatinise  in  shallow  wooden 
coolers.  The  jelly  is  cut  up  into  sKces,  and  dried  upon  nets  hung  up  in 
a  free  current  of  air.  Spring  and  autumn  are  usually  selected  for  drying 
glue,  since  the  summer  heat  would  liquefy  it,  and  fi'ost  would,  of  course, 
split  it,  and  render  it  unfit  for  the  market. 

Size  is  made  in  a  similar  manner,  but  finer  skins  are  employed,  and 
the  drying  is  omitted,  the  size  being  used  in  the  gelatinous  state.  The 
best  size  is  made  from  parchment  cuttings. 

By  the  action  of  acids  or  alkalies  upon  gelatine,  two  crystalline  organic 
bases  may  be  obtained,  known  by  the  names  of  glycocoll,  glycocine,  or 
sugar  of  gelatine  (CdHjNOJ,  and  leucine  {G^^^^O^. 

It  will  be  seen  that  glycocine  is  isomeric  with  nitrous  ether  (C^H^O .  NO3), 
and  leucine  with  the  (at  present  unknown)  nitrous  ether  of  the  caproic 
series.    Leucine  has  been  found  in  bullock's  lungs  and  in  calf's  liver. 

A  large  number  of  animal  substances  very  nearly  resemble  gelatine  in 
their  composition ;  among  these  are  hair,  wool,  nails,  horns,  and  hoofs. 

Hair  contains,  in  addition  to  carbon,  hydrogen,  nitrogen,  and  oxygen, 
from  3  to  5  per  cent,  of  sulphur. 

Wool  has  sometimes  to  be  separated  from  the  cotton  in  worii-out  mixed 
fabrics.  The  mixture  is  plunged  into  diluted  hydrochloric  acid,  dried  at 
220°  r.,  and  submitted  to  the  action  of  a  machine  {devil),  wliich  removes 
the  cotton,  rendered  brittle  by  the  action  of  the  acid,  in  the  form  of  dust, 
and  leaves  the  wool  fibres  untouched.  "When  the  object  is  to  save  the 
cotton  fibre,  the  fabric  is  exposed  to  high-pressure  steam,  which  has  no 
action  upon  cotton,  but  converts  the  wool  into  a  brown  matter  easily  re- 
moved by  a  beating  machine,  and  sold,  for  manure,  as  ulmate  of  am- 
monia. 

Silk  is  said  to  consist  of  three  layers,  the  outermost  consisting  of  gela- 
tine, and  soluble  in  water;  the  next  of  albumen,  soluble  in  acetic  acid  on 
boiling;  and  the  third  of  a  nitrogenised  substance  called  sericine,  wliich  is 
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insoluble  in  water  and  acetic  acid.  Spider's  threads  appear  to  consist  of 
this  substance. 

Sponge  consists  of  a  similar  material,  Avbich  lias  been  caRed  Jibroine. 

447.  Urine!  The  urine  of  animals  is  characterised  by  the  presence  of 

certain  substances  which  are  only  met  with  in  very  minute  quantities,  il' 
at  all,  in  a  state  of  health,  in  the  other  fluids  of  the  body.  The  most  im- 
portant of  these  are  an  organic  base  called  urea,  uric  acid,  and  hijjjwic 
acid. 

Urea. — Wlien  human  urine  is  evaporated  to  about  an  eighth  of  its 
original  bulk,  and  mixed  with  an  equal  volume  of  nitric  acid,  a  semi- 
solid mass  is  formed  consisting  of  pearly  scales  of  nitrate  of  urea 
(C.,HjN.,0., .  HO  .  NO,).  If  these  be  washed  with  cold  water,  afterAvards 
dissolved  in  boiling  water,  and  treated  with  carbonate  of  baryta,  the  nitric 
acid  combines  with  the  baryta,  and  the  carbonic  acid  having  no  tendency 
to  combine  with  the  urea,  passes  ofi',  leaving  the  urea  in  solution — 

C,H,N,0, .  HO .  NOg  +  BaO  .  CO,  =  C,H,N,0,  +  BaO .  NO^  +  HO  +  CO, . 

Nitrate  of  urea.  Urea. 

After  filtering  from  the  excess  of  carbonate  of  baryta,  the  Hquid  is 
evaporated  on  a  water-bath,  when  a  mixture  of  urea  and  nitrate  of  baryta 
is  obtained,  from  which  the  urea  may  be  extracted  by  hot  alcohol.  _  On 
evaporating  the  alcohol,  beautiful  prismatic  crystals  of  m-ea  are  deposited. 
These  crystals,  when  once  separated  from  the  urine  in  a  pure  state,  may 
be  preserved  indefinitely  even  if  dissolved  in  water;  but  the  urea  occur- 
ring in  the  urine  is  very  soon  decomposed,  a  putrefactive  decomposition 
being  excited  by  the  muczis-,  a  changeable  substance  somewhat  resembliug 
albumen,  which  collects  in  feathery  clouds  in  the  urine.  The  change 
Av^hicli  is  thus  induced  in  the  urea  results  in  its  conversion  into  carbonate 
of  ammonia — 

C,H,NA    +    4H0    =  2(NHp.C0J. 

Urea.  Carbonate  of  ammonia. 

It  is  in  consequence  of  this  change  that  the  urine  so  soon  exhales  an 
ammoniacal  odour.  In  order  to  eifect  the  same  change  in  pure  urea,  it 
is  necessary  to  heat  it  with  water  under  high  pressure.  When  urea  is 
combined  with  hydrochloric  acid,  and  the  hydrochlorate  is  heated,  it 
furnishes  hydi'oclilorate  of  ammonia  and  cyanuric  acid,  according  to  the 
equation — 

3(C.,H,Np,.HCl)    =    3(NH3.HC1)    +  SHO.CeKA- 

Hydroclilorate  of  urea.  Cyanuiic  acid. 

When  cyanuric  acid  is  distilled,  it  yields  3  equivalents  of  hydrated 
cyanic  acid  (HO.CNO),  and  the  connexion  thus  established  between 
urea  and  the  cyanogen  series  becomes  intelligible  when  wo  see  that  this 
base  is  isomeric  with  cyanate  of  ammonia  (NH^ .  HO .  CiNO).  In  fact, 
by  combining  hydrated  cyanic  acid  with  ammonia,  and  evaporating  the 
solution,  no  cyanate  of  ammonia,  but  simply  urea,  is  obtained. 

Upon  this  has  been  founded  a  process  for  obtaining  urea  artificially, 
whicli  has  attracted  a  great  deal  of  attention  as  one  of  the  earliest  examples 
of  the  production  in  the  laboratory,  of  a  complex  substance  formed  in  the 
animal  body.  For  the  artificial  production  of  urea,  56  parts  of  well-dried 
forrocyanide  of  potassium  are  intimately  mixed  with  28  parts  of  dried 
binoxide  of  manganese,  and  the  mixture  heated  to  dull  redness  in  an  iron- 
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dish,  and  stii'red  until  it  (leascs  to  smoulder.  The  oxygen  supplied  by  the 
biuoxido  of  manganese  converts  the  jDotassium  and  pai't  of  the  cyanoo-en 
of  the  ferrocyanide  into  cyanate  of  potash,  the  remainder  of  the  cyano'^-eu 
being  biu'nt,  and  the  iron  converted  into  oxide — 

lC(C,N),Fe  +  O,  =  2(K0.aN0)  +  2C0,  +  N  +  PeO . 

Fenocyanido  Cyanate  of  potash, 

of  potassium.  ^  ^ 

On  treating  the  residue  with  cold  water,  the  cyanate  of  potash  is  dis- 
solved out,  and  after  the  insoluble  portion  has  subsided,  the  liquid  may 
be  poured  off,  and  41  parts  of  sulphate  of  ammonia  dissolved  in  it.  Sul- 
phate of  potash  and  cyanate  of  ammonia  are  thus  formed — 

KO.QNO    +    NH3.HO.SO3    =    KO.SO3    +  NH3.HO.C2NO 

and  if  the  solution  be  evaporated  to  dryness  (on  a  water-bath)  the  latter 
salt  is  transformed  into  urea,  which  may  be  separated  from  the  suljihate 
of  potash  by  alcohol,  which  dissolves  the  urea  only. 

448.  The  true  constitution  of  urea  has  been  the  subject  of  much  discussion  among 
chemists.  The  circumstance  that,  under  certain  conditions,  this  base  assimilates 
the  elements  of  four  equivalents  of  water  and  is  converted  into  carbonate  of  ammonia, 
has  led  to  the  opinion  that  urea  should  be  classed  among  the  amides  (p.  549),  when 
it  would  be  represented  as  derived  from  two  equivalents  of  carbonate  of  ammonia 
(NH^O .  COj)  by  the  loss  of  four  equivalents  of  water,  just  as  oxamide  is  derived 
from  oxalate  of  ammonia — 

2(NH,0.C0„)    -    4H0    =  C^H^NjO^ 
Carbonate  of  ammonia.  Urea. 

2(NH,0 .  C.Oj)     -    4H0    =    2(0^11^^0^)  . 
Oxalate  of  ammonia.  Oxamide. 

The  question  naturally  presents  itself,  whether  the  various  bases  formed  by  sub- 
stitution from  ammonia  (p.  639)  would  furnish  corresponding  ureas  when  acted 
upon  by  cyanic  acid.  This  has  been  actually  found  to  be  the  case;  ethylamine 
NH„(C^H5),  for  example,  acting  upon  cyanic  acid,  yields  ethyl-urea,  which  is  isomeric 
with  the  cyanate  of  ethylamine,  just  as  urea  is  isomeric  with  cyanate  of  ammonia. 

NH,(C,H,)HO.C,NO    =    C,H3(0,H,)N,0, . 
Cyanate  of  ethylamine.  Ethyl-urea. 

It  is  evident  that  if  urea  be  derived  from  a  double  molecule  of  ammonia  by  the 
substitution  of  C^O^  for  H^,  then  ethyl-urea  will  be  derived  in  a  similar  manner 
from  a  double  molecule  of  ethylamine. 

N,H,(C,H,),  N,H,(C,H,)  (0,0,)". 

Ethylamine.  Ethyl-urea. 
In  this  case  it  will  be  observed  that  the  diatomic  group,  C.^O,,  is  substituted  for  one 
atom  of  the  hydrogen,  and  one  atom  of  its  representative,  ethyle. 

It  will  be  remembered  that  the  amides  can  be  obtained  by  tlie  action  of  ammonia 
upon  the  corresponding  ethers;  thus  oxalic  ether  treated  with  ammonia  gives  oxamide, 
find  the  conversion  may  be  intelligibly  represented  thus — 

Oxalic  ether.  Ammonia.  Oxnmlde.  Alcohol. 

In  a  similar  manner,  carbonic  ether,  when  heated  in  a  sealed  tube  with  an 
alcoholic  solution  of  ammonia,  yields  urea  and  alcohol — 

Ho  (OA)"' 


(C 
(0 


'2 

Carbonic  ether.  Ammonia.  Urcn.  Alcohol. 
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When  cyanic  ether  (C^HjO  .  C^NO)  is  acted  on  by  ammonia,  it  yields  ethyl-urea, 
the  action  being  precisely  parallel  to  tliat  of  ammonia  upon  cyanic  acid — 

HO.C.NO  +    NH3    =  NHj.HO.C.NO 
Cyanic  acid.  Urea. 

(O.HJO.C.NO  +    NH3    =  NH3.(C,H,)0.C,N0. 
Cyanic  ether.  Ethyl-urea. 

Many  other  compound  ureas  of  this  description  have  been  obtained,  in  which 
the  hydrogen  is  partly  or  entirely  replaced  by  the  alcoliol-radicals.  The  relation 
existing  between  these  and  their  prototype,  urea,  will  be  seen  in  the  following 
examples: — 

Urea,  C^H^NjOj 


Ethyl-methyl-urea, 


Tetrethyl-urea,    .       .       .  C2(C^H5)^N20j 
Diphenyl-urea,     .       .       .  |  (^i^^);  |  n^Oj  . 

The  supposition  that  urea  is  really  constituted  upon  the  ammonia  type  derives 
some  confirmation  from  the  circumstance,  that  a  number  of  substances  have  been 
obtained  which  bear  the  same  relation  to  urea  as  the  amides  do  to  ammonia.  They 
are,  therefore,  sometimes  styled  ureides,  and  sometimes  compound  ureas,  in  which  a 
negative  or  acid  radical  occupies  the  place  of  a  part  of  the  hydrogen.  In  illustra- 
tion of  the  mode  of  formation  of  the  bodies  of  this  class,  the  production  of  benzureide 
or  benzoyl-urea  may  be  referred  to. 

When  ammonia  acts  upon  chloride  of  benzoyle,  it  yields  benzamide  and  hydro- 
chloric acid — 

C^H.O^.Cl    -1-    NH3   =   Ci,H,0,.NH,   +  HCl. 
Chloride  of  benzoyle.  Benzamide. 

If  urea  be  substituted  for  the  ammonia,  benzureide  and  hydrochloric  acid  are 
formed — 

Ci,H,0,.Cl  +  C,H,N,0„  =  Ci.H.Oj .  C^HgN^O,  +  HCl. 
Chloride  of  benzoyle.  Urea.  Benzureide. 

Both  reactions  become  much  more  intelligible  if  urea  and  its  derivatives  be  allowed 
to  be  composed  upon  the  ammonia  type — 

NH3    +   (G,Jip,)Cl  =   NH,(C,AO,)  +  HCl 
Ammonia.    Chloride  of  benzoyle.  Benzamide. 

N,H,(CA)"  +  (CiAOJCl  =  N,H3(Cj,H,0,)  (OA)"  +  HCl. 
Urea.  Chloride  of  benzoyle. 

By  similar  processes  there  have  been  obtained — 

Acetyl-urea,  ....       NjHjrC^HjOJCCjO,) " 
Butyryl-urea,        .       .       .       N2H3(CsHjO,)  (C^Oj)",  &c. 

449.  Uric  acid. — When  liuman  urine  is  acidified  mtli  hydrochloric  acid 
and  allowed  to  stand  for  some  time,  it  deposits  minute  hard  red  grains, 
consisting  of  tcric  acid  {G^g^^^Nfi|.)  tinged  with  the  urinary  colouring 
matter.  In  urine  the  acid  is  present  as  urate  of  soda  and  urate  of  ammonia, 
which  are  often  deposited  from  urine  in  slight  derangements  of  the  system, 
when  they  are  present  in  excess,  these  salts  being  very  much  more  soluble 
in  warm  water  than  in  cold.  Since  uric  acid  and  its  salts  are  very  common 
ingredients  of  calculi,  this  acid  is  sometimes  called  lithic  acid  (Ai^o?, 
a  stone). 

As  the  quantity  of  uric  acid  in  human  urine  does  not  exceed  1  grain 
in  1000,  recourse  is  had  to  other  sources  for  the  preparation  of  this  acid, 
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winch  Is  now  extensively  used  for  the  preparation  of  the  murexide 
employed  in  calico-printing. 

The  excrements  of  the  boa-constrictor  and  of  birds,  which  consist  almost 
entirely  of  acid  urate  of  ammonia,  and  guano,  which  has  been  formed 
by  the  partial  decomposition  of  the  excrements  of  sea-birds,  are  excellent 
som-ces  of  uric  acid.  The  separation  of  the  uric  acid  from  acid  urate 
of  ammonia  is  easily  effected  by  dissolving  it  in  solution  of  potash,  filter- 
ing, and  adding  hydrochloric  acid,  when  the  uric  acid,  wliich  requires 
10,000  pai-ts  of  cold  water  to  dissolve  it,  is  precipitated  as  a  white 
crystalline  powder. 

When  a  solution  of  potash  is  saturated  with  uric  acid  in  the  cold,  and 
boiled  down  out  of  contact  with  air,  small  needle-like  crystals  are  deposited, 
having  the  composition  2K0  .  CigH^ISr^O^,  and  if  this  be  dissolved  ia  water, 
and  carbonic  acid  be  passed  through  the  solution,  half  the  potash  is  re- 
moved as  carbonate,  and  a  granidar  precipitate  of  acid  urate  of  potash, 
KO .  HO .  CiuH.,]Sr^04,  is  deposited.  Uric  acid,  therefore,  is  a  bibasic  acid,  and 
the  formula  of  the  acid  itself  (G.^HJ^fi,)  should  be  written  2H0 .  Ci^HaNp^. 

When  uric  acid  is  added  by  degrees  to  strong  nitric  acid,  it  dissolves  with 
effervescence  and  evolution  of  heat ;  the  solution,  on  cooUng,  deposits 
octahedral  crystals  of  a  substance  called  alloxan  (CgH^N^Og),  which  may 
be  represented  as  formed  by  the  oxidation  of  the  uric  acid  according  to 
the  following  equation — 

C,„H,N,0,  +  HO.  NO,  =  C,H,N,08  +  2C0,  +        -t-  NH, . 

Uric  acid.  Alloxan. 

Alloxan  has  the  curious  property  of  staining  the  fingers  of  a  beautiful  pink 
colour,  and  its  solution  gives  an  intense  purple  colour  with  sulphate  of 
ii-on. 

A  connexion  is  estabhshed,  by  means  of  alloxan,  between  uric  acid 
and  urea,  which  becomes  important,  because  these  two  bodies,  accompanied 
by  a  smaU  quantity  of  alloxan,  are  always  found  together  in  the  urine. 
Alloxan  appears  to  be  the  intermediate  stage  in  the  conversion  of  uric 
acid  into  urea  by  oxidation,  for  if  a  solution  of  alloxan  be  boiled  with 
peroxide  of  lead  (PbO^)  carbonic  acid  is  evolved,  and  the  alloxan  is  con- 
verted into  urea  by  oxidation — 

CgH^N.Og  +  2H0  +  4PbO,  =  C,H,N,0,  +  6C0,  +  4PbO . 

Alloxan.  Urea. 

When  sulphuretted  hydrogen  is  passed  through  a  solution  of  alloxan, 
the  hquid  is  troubled  by  the  separation  of  sulphur,  and  deposits  prismatic 
crystals  of  alloxantine  (C^^^fi^^),  which  is  derived  fi-omtwo  equivalents 
of  alloxan  by  the  removal  of  two  equivalents  of  oxygen — 

2C3H,N,03    +    2HS    =    C,„HAOu    +    2H0    +    S, . 

Alloxan.  Alloxantine. 

If  4  grains  of  alloxantine  and  7  grains  of  crystallised  alloxan  be  dissolved 
in  half  an  ounce  of  hot  water,  and  80  grains  of  a  cold  saturated  solution 
of  carbonate  of  ammonia  added,  the  carbonic  acid  is  disengaged  with 
effervescence,  and  the  liquid  assumes  a  brilliant  purple  colour,  depositing 
as  it  cools  splendid  crystals,  which  have  a  red  colour  by  transmitted  light, 
and  reflect  a  play  of  green  and  gold,  like  the  wing  of  the  sun-beetle. 

This  magnificent  substance  is  known  as  murexide,  and  appears  to  be 
formed  according  to  the  following  equation — 

C.JIAOu  +  C,H,N,0«  +  imi,  =  C,,H,2N,„0,„  +  6H0. 

AUoxantine.  Alloxan.  Murexlilc. 


622 


nippumc  ACID. 


The  beautiful  colour  of  murexide  has  been  apiilied  in  dyeing  and  calico- 
printing,  beiug  prepared  for  that  pui'pose  from  the  uric  acid  furnished  by- 
guano. 

450.  Hippuric  acid. — Another  acid  peculiar  to  the  urine,  and  found 
in  very  minute  quantity  in  human  urine,  is  hippuric  acid  (Cj^HgNOJ,  so 
named  because  it  occui's  in  far  larger  quantity  in  the  urine  of  horses  (otttos, 
a  horse)  and  cows,  the  cow's  ui-ine  yielding  more  than  1  per  cent,  of  the 
acid.  It  is  generally  prepared  from  cow's  urine  by  evaporating  it  to  about 
an  eighth  of  its  bulk,  and  adding  an  excess  of  hydrochloric  acid.  On 
standing,  long  prismatic  needles  of  hippuric  acid  are  deposited.  It  is 
remarkable  that  this  acid  can  be  obtained  only  from  the  ui'ine  of  staU-fed 
cows,  or  of  horses  kept  at  rest,  for  if  the  animals  are  actively  exercised, 
the  above  treatment  educes  benzoic  acid  {C^Jl^O^  in  place  of  hippuric. 
Again,  only  the  fresh  urine  yields  hippiuic  acid,  for  after  putrefaction, 
only  benzoic  acid  can  be  obtained  from  it.  Conversely,  if  benzoic  acid  be 
administered  to  an  animal,  it  makes  its  appearance  as  hippui-ic  acid  in 
the  ui'ine. 

The  relation  between  these  two  acids  becomes  evident  when  hippuric 
acid  is  boiled  for  some  time  with  strong  hydrochloric  acid ;  on  cooling, 
the  solution  deposits  crystals  of  benzoic  acid,  and  if  the  liquid  separated 
from  these  be  evaporated,  neutralised  with  ammonia  and  mixed  mth 
alcohol,  crystals  of  glycocoll  (p.  617)  are  ;obtaiiied— 

C,3H,N0,    +    2H0  .=  .  .-Ci,H,0i,   +    C,H,NO, . 


Hippui'ic  Beirzoic  - 

acid.  acid. 


GlycoeoU. 


This  result  has  been  confirmed  synthetically  by  acting  upon  the  com- 
pound resulting  from  the  action  of  glycocoU  on  oxide  of  zinc,  witli  chloride 
of  benzoyle  (p.  475),  when  hippuric  acid  is  reproduced. 

C,(H,Zn)NO,    +    C„H,0,.C1    =    ZnCl    •+  CigH^NO,. 

Zinc-glycocolli  Chloride  of  benzoyle.  Hippuric  acid. 

Hippuric  acid,  therefore,  may  be  represented  as  henzoyle-glycocoU, 
C4Hj(Ci4Hg0.2)]SrOj.  A  very  interesting  illustration  of  the  doctrine  of 
substitution  is  connected  with  these  acids.  By  acting  upon  hippuric  acid 
with  nitric  and  sulphuric  acids,  it  is  converted  into  nitro-hippiu'ic  acid  by 
the  substitution  of  ISTO^  for  one  equivalent  of  its  hydrogen,  and  if  this 
acid  be  boiled  with  hydrochloric  acid,  it  yields  nitrobenzoic  acid,  just  as 
hippuric  yields  benzoic  acid — 

C-InoJ^O"    +    2H0    =    C,|3^.^j0,    -f  CA^^O,. 

Nitro-liippuiic  acid.  Nitro-bcnzoic  acid.  Glycocoll. 

In  contact  with  bases,  hippuric  acid  forms  salts  of  the  general  for- 
mula MO .  C,„H„]SrO„  so  that  the  acid  itself  shoidd  be  written  as 
H0.C,,H3N0,. 

In  addition  to  the  organic  substances  which  have  been  already  men- 
tioned as  occurring  in  the  lu-ine  (urea,  luic  acid,  mucus,  hippuric  acid, 
kreatininc),  it  always  contains  a  large  proportion  of  alkaline  and  earthy 
salts,  especially  of  cliloride  of  sodiimi,  phosphate  and  sulphate  of  potash, 
and  phosphates  of  lime,  magnesia,  and  ammonia. 
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The  average  composition  of  human,  urine  may  he  thus  stated — 


Water   95G-80 

Urea,   14-23 

Uric  acid,   0-37 

Mucus,    .       .   0-16 

Hippuric  acid,  kreatinine,  colouring  matter,  1  i  r.Qs 
and  unknown  organic  matters,        .  j 

Chloride  of  sodium,   7-22 

Phosphoric  acid,     ......  2-12 

Potash   1-93 

Sulphuric  acid   1-70 

Lime   0-21 

Magnesia,  -.       .  0-12 

Soda,   0-06 


999-94 

CHEMISTEY  OF  VEGETATIOK 

451.  The  ultimate  elements  of  plants,  that  is,  the  suhstances  with  which 
plants  must  be  supplied  in  one  form  or  other,  to  sustain  their  growth, 
are  carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  phosjjhorus,  clilorine, 
silicon,  potassium,  sodium,  calcium,  magnesium,  iron,  manganese. 

Of  these,  the  carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  and  phos- 
phorus are  grouped  together  to  form  the  various  organic  compounds 
furnished  by  plants,  the  remaining  elements  being  arranged  generally  in 
the  following  forms  : — 

Chlorides  of  potassium  and  sodium, 

Sulphate  of  lime. 

Silicates  of  potash  and  soda. 

Phosphates  of  iron  (manganese?),  lime,  magnesia,  and  ammonia, ■ 

Compounds  of  potash,  soda,  and  lime,  with  vegetable  acids. 

Plants  are  capable  of  receiving  food  either  in  the  form  of  gas  through 
the  instrumentalit;)^  of  their  leaves,  or  in  solution-  by  their-  roots. 

The  carbon,  which  is  their  most  important  constituent  as-regards  quantity, 
is  taken  up  in  the  foim  of  carbonic  acid  by  both  these  organs  of  the 
plant.  This  carbonic  acid  is  derived  either  from  the  surrounding  atmo- 
sphere or  from  the  decay  of  the  organic  matters  contained  in  the  soil 
which  surrounds  the  roots  of  the  plant. 

Tlie  hydrogen  is  derived  partly  from  water  and  partly  from  the  am- 
monia which  is  carried  down  to  the  roots  of  the  plant  by  rain,  or  is 
evolved  in  the  putrefaction  and  decay  of  the  nitrogenised  organic  matters 
of  the  soil.  The  ammonia  also  forms  one  great  source  of  the  nitrogen  in 
plants,  another  being  the  nitric  or  nitrous  acid,  which  is  either  brought 
down  by  the  rain,  or  formed  within  the  soil  by  the  nitrification  of  the 
ammonia  (p.  122).  As  to  the  oxygen,  it  is  obtained  both  from  the  car- 
bonic acid  and  water,  which  contain  this  element  in  larger  proportion  than 
is  ever  present  in  any  vegetable  product. 

Tlie  sulphur  and  phosphorus  contained  in  the  organic  parts  of  the 
plant  appear  to  be  chiefly  derived  from  the  sulphates  and  phosi)hates  of 
the  soil. 

The  chlorine,  silicon,  and  the  metals,  are  derived  from  the  mineral  con- 
stituents of  the  soil. 

It  is  not  difficult  to  imagine  the  course  of  formation  of  a  fertile  soil 
from  a  primary  rock  (of  granite,  for  example)  under  the  influence  of  the 
atmosphere  and  rain,  exerted  through  a  very  long  period. 
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It  will  be  remembered  that  granite  consists  essentially  of  quartz  (silica), 
feldspar  (silicate  of  alumina  and  potash,  or  soda),  and  mica  (silicates  of 
alumina,  ii'on,  potash,  and  magnesia) ;  in  addition  to  these  there  may 
always  be  found  in  granite  minute  quantities  of  phosphate  of  lime,  of  sul- 
phates, of  chlorides,  and  of  manganese. 

By  the  disintegration  of  such  a  rock  under  the  action  of  air  and  moisture 
(p.  286),  a  soil  will  be  formed  containing  the  various  mineral  substances 
required  for  the  food  of  the  plant.  If  now,  upon  the  thin,  layer  of  soil 
thus  formed  over  the  face  of  the  rock,  some  seeds  of  the  lower  orders  of 
plants,  the  lichens,  for  instance,  be  deposited,  they  will  grow  and  fructify, 
deriving  their  carbon,  hydrogen,  nitrogen,  and  oxygen  from  the  air  and 
rain,  and  their  mineral  constituents  from  the  soil.  The  death  of  these 
lichens  would  add  new  elements  of  fertility  to  the  soil,  in  the  shape  of  the 
food  which  they  had  condensed  from  the  air,  and  of  the  saline  ingredients 
which  had  been  converted  within  their  organisations  into  forms  better 
suited  to  sustain  the  higher  orders  of  plants.  Given,  then,  the  seeds  of  a 
higher  vegetation,  a  similar  process  may  be  supposed  to  take  place,  and  at 
length  animals  would  be  attracted  to  the  spot  by  the  prospect  of  vegetable 
food,  and  by  transporting  to  it  elements  which  they  had  derived  from, 
other  soiirces,  would  eventually  confer  upon  it  the  highest  fertility. 
The  soil  then  coming  under  tillage,  the  crops  raised  upon  it  are  consumed 
by  animals  and  removed  to  a  distance,  so  that  the  mineral  food  contained 
in  the  soil  is  by  degrees  exhausted,  and  unless  it  is  restored  the  soil  be- 
comes barren. 

To  restore  its  fertility  is  the  object  of  manuring,  which  consists  in  add- 
ing to  the  soil  some  substance  which  shall  itself  serve  directly  as  food  for 
the  plant,  or  shall  so  modify,  by  chemical  action,  some  material  already 
present  in  the  soil,  as  to  convert  it  into  a  state  in  which  the  plant  may 
take  advantage  of  it. 

As  examples  of  substances  which  are  added  as  direct  food  for  plants, 
may  be  enumerated — 

(1.)  The  ashes  of  peat,  turf,  coal,  &c.,  which  furnish  the  mineral  sub- 
stances origiually  obtained  from  the  soil  by  the  vegetables  from  which 
these  materials  were  formed. 

(2.)  Gypsum,  or  sulphate  of  lime,  and  sulphate  of  magnesia,  which  ap- 
pear to  be  valuable  not  only  as  sources  of  sulphur,  calcium,  and  mag- 
nesium, but  because  they  are  capable  of  decomposing  the  carbonate  of 
ammonia,  which  is  either  brought  down  by  rain  or  evolved  by  putrefaction 
in  the  soil,  and  of  converting  it  into  sulphate  of  ammonia  which  is  re- 
tained in  the  soil,  whereas  the  carbonate,  being  a  volatile  salt,  would  be 
again  exhaled  into  the  au'  and  lost  to  the  plants. 

(3.)  Phosphate  of  lime,  or  bone-ash,  Avhich  is  most  commonly  con- 
verted into  the  soluble  superphosphate  of  lime  (p.  223)  by  treatment  with 
sulphuric  acid,  before  being  employed  as  a  manure. 

(4.)  Chloride  of  sodium,  or  common  salt,  serves  as  a  source  of  sodium, 
for  in  contact  with  the  carbonate  of  Kme,  which  is  found  in  all  fertile 
sods,  it  is  partly  converted  into  carbonate  of  soda,  which  may  in  turn  be 
converted  into  silicate  of  soda,  or  any  other  salt  of  that  alkali  necessary 
to  the  growth  of  the  plant. 

(5.)  Nitrate  of  soda  (Peruvian  nitre)  is  held  to  be  of  great  service  in 
some  cases,  as  yielding  both  soda  and  nitrogen  in  a  form  serviceable  to  the 
plant. 

(6.)  The  silicates  of  potash  and  soda,  which  are  especially  useful  to 
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crops  which,  like  the  cereals,  contain  a  considerable  proportion  of  silica 
ill  theii-  stems ;  since,  although  that  substance  is  contained  in  abundance 
in  all  soils,  it  is  not  available  for  the  plant  unless  converted  into  a  soluble 
state  by  combination  with  an  alkali. 

(7.)  Sulphate  of  ammonia  (derived  from  the  gas-works)  is,  of  course 
useful  both  for  its  sidphuric  acid  and  ammonia. 

(8.)  Plants,  or  parts  of  plants,  ploughed  into  a  soil,  would  obviously 
fiu-nish  food  for  other  plants  by  their  gradual  putrefaction  and  decay. 
_  (9.)  Bones,  which  fiu-nish  carbonic  acid  and  ammonia  by  the  putrefac- 
tion of  their  gelatinous  matter,  as  well  as  a  large  supply  of  phosphate  of 
lime. 

(10.)  Urine,  yielding  much  carbonate  of  ammonia  by  the  decomposition 
of  Its  ui-ea  and  uric  acid,  and  an  abundance  of  the  phosphates  and  other 
saline  matters  required  by  the  plant. 

(11.)  Solid  excrements  of  various  animals,  containing  the  insoluble 
salts  (especially  phosphates)  of  the  animal's  food,  as  well  as  easily  putres- 
cible  organic  matters  jdeldingmuch  ammonia  and  sulphuretted  hydrogen. 

■  (12.)  Guano,  the  dung  of  carnivorous  sea-birds,  which  owes  its  very 
high  value  partly  to  the  large  proportion  of  urate  of  ammonia  and  other 
nitrogenised  organic  substances  which  it  contains,  and  partly  to  the  pre- 
sence of  phosphates  and  salts  of  the  alkalies. 

(13.)  Soot,  which  appears  to  act  chiefly  by  virtue  of  the  salts  of 
ammonia  derived  from  the  destructive  distillation  of  the  coal. 

The  chief  substance  employed  for  acting  chemically  upon  the  consti- 
tuents of  the  soil,  so  as  to  render  them  more  serviceable  to  the  plant,  is  lime, 
which  modifies  in  a  very  important  manner  both  the  organic  and  mineral 
portions  of  the  soil.  Its  action  upon  the  former  consists  in  promoting  its 
decay,  and  the  conversion  of  its  elements  into  those  forms,  viz.,  carbonic 
acid,  water,  ammonia,  and  nitric  acid,  in  which  they  may  be  of  service  to 
the  plant.  Upon  the  inorganic  constituents  of  the  soil  lime  acts  by 
assisting  the  decomposition  of  minerals,  particidarly  of  those  Avhich  con- 
tain the  alkalies  (such  as  feldspar),  and  thus  converting  them  into  soluble 
forms. 

In  some  cases  fertility  is  restored  to  an  apparently  exhausted  soil,  with- 
out the  addition  of  manure,  by  allowing  it  to  lie  fallow  for  a  time,  so  that, 
under  the  influence  of  the  air  and  moisture,  such  chemical  changes  may 
take  place  in  it  as  will  again  replenish  it  with  food  available  for  the  crops. 
It  is  not  even  necessary  in  all  cases  that  the  soil  should  be  altogether  re- 
leased from  cultivation ;  for  even  though  it  may  refuse  to  feed  any  longer 
one  particular  crop,  it  may  furnish  an  excellent  crop  of  a  difl'erent 
description,  and,  which  is  more  remarkable,  it  may,  after  growing  two  or 
three  different  crops,  be  found  to  have  regained  its  power  of  nom-ishing 
the  very  crop  for  which  it  was  before  exhausted.  Experience  of  this  has 
led  to  the  adoption  of  the  system  of  rotation  of  crops,  by  which  a  soil  is 
made  to  yield,  for  example,  a  crop  of  barley,  and  then  successive  crops  of 
grass,  beans,  turnips,  and  barley  again. 

The  possibility  of  this  rotation  is  partly  accounted  for  by  the  difference 
in  the  mineral  food  removed  from  the  soil  by  different  crops ;  thus  turnips 
require  much  of  the  alkalies  and  lime ;  wheat,  much  alkali  and  silica  • 
barley,  much  lime  and  silica ;  and  clover,  much  lime,  so  that  the  soil 
which  had  been  exhausted  for  wheat,  because  it  no  longer  contained 
enough  soluble  silica,  might  still  yield  sufficient  alkali  and  lime  to  a  crop 
of  turnips,  and  when  the  alkali  was  exhausted,  might  furnish  eno\\<y\i  lime 
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to  a  crop  of  clover,  after  which,  in  consequence  of  the  chemical  changes 
allowed  by  lapse  of  time  in  the  soil,  more  of  the  original  minerals  com- 
posing it  might  have  been  decomposed  and  rendered  available  for  a  fresh 
wheat  crop. 

Another  explanation  of  the  benefit  of  systems  of  rotation  may  be  given 
in  those  cases  in  which  the  debris  of  the  preceding  crop  are  allowed  to 
remain  on  the  land.  Some  plants,  extending  their  roots  more  deeply  into 
the  soil,  avail  themselves  of  mineral  food  which  is  beyond 'the  reach  of 
plants  furnished  with  shorter  roots,  and  when  the  refuse  of  the  former 
plants  is  ploughed  into  the  land,  the  suiface  is  enriched  with  the  food 
collected  from  the  sub-soil. 

Our  knowledge  of  the  chemical  operations  taking  place  in  the  plant, 
and  resulting  in  the  elaboration  of  the  great  variety  of  vegetable  products, 
is  very  sHght  indeed.  We  appear  to  have  sufficient  evidence  that  sugar 
and  starch,  for  example,  are  constructed  in  the  plant  from  carbonic  acid 
and  water,  that  gluten  results  from  the  mutual  action  of  the  same  com- 
pounds, together  with  ammonia,  or  nitric  acid,  and  certain  sulphates  and 
phosphates,  but  what  the  intermediate  steps  in  this  conversion  may  be  we 
are  not  in  a  position  even  to  hazard  a  guess. 

All  seeds  contain  starch,  gluten,  or  some  similar  nitrogenised  substance 
(legumine,  for  example),  together  with  mineral  matters,  these  being  pro- 
vided for  the  nourishment  of  the  young  plant  unto,  its  organs  are  suffi- 
ciently developed  to  enable  it  to  procure  its  own  food  from  the  air  or  from 
the  soil. 

During  the  process  of  germination  the  seed  absorbs  oxygen  and  evolves 
carbonic  acid,  and  since  the  albuminous  constituent  is  the  most  mutable 
substance  present,  it  is  probably  this  which  undergoes  oxidation,  and 
excites  the  conversion  of  the  insoluble  starch  into  soluble  sugar.  At  this 
stage  the  seed  requires,  as  is  well  known,  a  fair  supply  of  water,  the 
elements  of  which  are  required  for  the  conversion  of  the  starch  (CijHmOjJ 
into  sugar  (C^Jl^fi^) ;  water  is  also  required  to  dissolve  the  sugar  as  well 
as  the  altered  albuminous  matter  and  the  mineral  salts,  in  order  to  form  the 
sap  of  the  embryo  plant.  These  constituents  of  the  sap,  directed  by  the 
mysterious  vital  energy  in  the  seed,  build  up  the  root,  which  extends  itself 
,in  search  of  nourishment  down  into  the  soil,  and  the  leaves  which  dis- 
charge a  similar  function  with  respect  to  the  air.  As  soon  as  the  leaves 
are  developed,  the  plant  becomes  able  to  decompose  carbonic  acid,  water, 
and  ammonia,  to  provide  the  organic  components  of  its  sap.  Some  part 
of  these  changes  at  least  appears  to  take  place  in  the  leaves  of  the  plant, 
from  which,  during  the  day-time,  oxygen  (together  with  a  little  nitrogen) 
is  continually  evolved.  The  leaves  have  been  compared  to  the  lungs  of 
animals,  the  functions  of  which  they  reciprocate,  for  whilst,  in  the  lungs 
of  animals,  an  absorption  of  oxygen  and  an  evolution  of  carbonic  acid  is 
observed,  in  the  leaves  of  plants,  it  is  the  carbonic  acid  wliich  is  absorbed 
and  oxygen  is  disengaged. 

In  the  dark,  plants  exhale  carbonic  acid,  but  in  much  smaller  quantity 
than  they  decompose  in  the  light. 

That  oxygen  must  be  evolved,  if  plants  construct  their  carbonaceous 
compounds  from  carbonic  acid  and  water,  is  obvious  on  reflecting  that  all 
these  compounds  contain  less  oxygen,  in  proportion  to  their  carbon  and 
hydrogen,  than  is  contained  in  carbonic  acid  and  water. 

Thus,  we  may  conceive  the  formation  of  all  the  compounds  of  carbon 


RIPENING  OF  FRUITS.  fj27 

and  hydrogen,  or  of  those  elements  with  oxygen,  which  are  met  with  in 
plants,  by  the  concurrence,  m  various  proportions,  of  carbonic  acid  and 
water,  and  the  separation  of  the  whole  or  a  pai-t  of  their  oxygen 

To  take  an  example;  ceUulose  (C^.H^^OJ  would  residtfrom  "the  coali- 
tion oi  12  eqs.  of  carbonic  acid  and  10  eqs.  of  water,  with  separation  of 
24  eqs.  of  oxygen.  Again,  malic  acid,  C3H30,„,  would  require  8  eqs  of 
carbonic  acid  and  6  eqs.  of  water,  whilst  12  eqs.  of  oxygen  would  be  set 
iree. 

It  is  equally  easy  to  represent  the  formation  of  nitrogenised  compounds 
Irom  carbonic  acid,  water,  and  ammonia,  with  separation  of  oxygen  for 
the  nitrogen  in  all  such  compounds  is  present  in  so  smaU  a  number  of 
equivalents,  relatively  to  the  carbon  and  hydrogen,  that  the  amount  of 
oxygen  separated  from  the  carbonic  acid  and  water  would  always  far  more 
than  Bufiice  to  convert  the  whole  of  the  hydrogen  of  the  ammonia  into  water, 
even  if  this  hydi-ogen  did  not  itself  take  part  in  the  formation  of  the 
compound.  Suppose,  for  instance,  that  the  formation  of  quinine  is  to  be 
accounted  for — 

40CO,    +    18H0    +    2NH3    =    C,„H,,N,0,    +  0, 
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If  sulphur  be  a  constituent  of  the  vegetable  compound  to  be  formed 
It  is  conceivable  that  the  sulphuric  acid  derived  from  the  sulphates  pre- 
sent in  the  sod  should  co-operate  mth  the  carbonic  acid,  water,  and  am- 
moma. 

If  the  composition  of  gluten  be  correctly  represented  by  the  formula 
^^.is-f-ieg^srOesSa,  the  equation  explaining  its  formation  from  the  above  con- 
stituents of  the  food  of  the  plant  would  be  written— 

216CO,  +  88HO  +  27NH„  +  2S0,    =  CHNOS-^0 

The  chemical  tendency  of  vegetables,  therefore,  is  to  reduce  to  a  lower 
state  of  oxidation  the  substances  presented  in  their  food,  whUst  animals 
exhibit  a  reciprocal  tendency  to  oxidise  the  materials  on  which  they  feed. 

With  respect  to  the  last  stage  in  the  existence  of  the  plant,  the  ripening 
of  the  fruit,  we  know  a  little  more  concerning  the  chemical  changes  which 
it  involves. 

Most  fruits,  in  their  unripe  condition,  contain  cellulose,  starch,  and 
some  one  or  more  vegetable  acids,  such  as  malic,  citric,  tartaric,  and 
tannic,  the  latter  being  abnost  invariably  present,  and  causing  the  pecu- 
liar roughness  and  astringency  of  the  unripe  fruit.  The  characteristic 
constituent  of  unripe  fruits,  however,  is  jxctose,  a  compound  of  carbon, 
hydrogen,  and  oxygen,  the  composition  of  wliich  has  not  been  exactly 
determined.  Pectose  is  quite  insoluble  in  water,  but  during  the  ripenii5g 
of  the  fruit  it  undergoes  a  change  induced  by  the  vegetable  acids,  and  is 
converted  into  pectitie  (C^H^OJ,  which  is  capable  of  dissolving  in  water, 
and  yields  a  viscous  solution.  As  the  maturation  proceeds,  the  pectine 
'A  J''^\sformed  into  pectic  acid  (C^^H.^^^),  and  pectosic  acid 
\^:<^tW\i>)>  which  are  soluble  in  boiling  water,  yielding  solutions  which 
gelatinise  on  cooling.  It  is  from  the  presence  of  these  acids,  therefore 
that  many  ripe  fruits  are  so  easily  convertible  into  jellies.  ' 

Whilst  the  fruit  remains  green,  its  relation  to  the  atmosphere  appears 
to  be  the  same  as  that  of  the  leaves,  for  it  absorbs  carbonic  acid  -md 
evolves  oxygen;  but  when  it  fairly  begins  to  ripen,  oxygen  is  absorbed 
trom  the  air,  and  carbonic  acid  is  evolved,  whilst  the  starch  and  cellulose 
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are  converted  into  sugar,  under  the  influence  of  the  vegetable  acids  (p.  496), 
and  the  fruit  becomes  sweet.  It  has  been  already  seen  that  the  conver- 
sion of  starch  and  ceUulose  (C^HioOJ  into  sugar  (C^^H^Oj.,)  would  simply 
require  the  assimilation  of  the  elements  of  water,  so  that  the  absorption  of 
oxygen  and  evolution  of  carbonic  acid  are  probably  necessary  for  the  con- 
version of  the  tannic  and  other  acids  into  sugar,    Tor  example  

C,,TL,fi,,    +    2H0   +    0,,   -    2C,,H,p„    +    30  CO, 

Tannic  acid.  Fruit-sugar. 

3CA0h    +    0,    =    C,,H,,0,,    +    6H0    +  12C0,, 

Tartaric  acid. 

When  the  sugar  has  reached  the  maximum,  the  ripening  is  completed ; 
and  if  the  fruit  be  kept  longer,  the  oxidation  takes  the  form  of  ordinary 
decay. 

The  scheme  of  natural  chemistry  would  not  be  complete  unless  provi- 
sion were  made  for  the  restoration  of  the  constituents  of  plants,  after  death, 
to  the  atmosphere  and  soil,  where  they  might  afford  food  to  new  genera- 
tions of  plants.  Accordingly,  very  shortly  after  the  death  of  a  plant,  if 
sufficient  moisture  be  present,  the  changeable  nitrogenised  (albuminous) 
constituents  begin  to  putrefy,  and  chemical  motion  being  thus  excited,  is 
communicated  to  the  other  parts  of  the  plant,  under  the  form  of  decay,  so 
that  the  plant  is  slowly  consumed  by  the  atmospheric  oxygen,  its  carbon 
being  reconverted  into  carbonic  acid,  its  hydi-ogen  into  water,  and  its 
nitrogen  into  ammonia,  these  substances  being  then  transported  in  the 
atmosphere  to  living  plants  which  need  them,  while  the  mineral  consti- 
tuents of  the  dead  plant  are  washed  into  the  soil  by  the  rain. 

Moist  wood  is  slowly  converted  by  decay  into  a  brown  substance,  which 
has  been  called  humus,  and  forms  the  chief  part  of  the  organic  matter  in 
soils.  Alkalies  dissolve  this  substance,  and  on  the  addition  of  an  acid 
to  the  brown  solution,  a  brown  precipitate  is  obtained,  which  is  said  to 
contain  humic,  ulmic,  and  geic  acids,  but  these  substances  do  not  crystal- 
lise, and  their  existence  as  definite  acids  appears  to  be  somewhat  doubt- 
ful. Two  other  acids  of  a  similar  kind,  crenic  and  apocrenic  acids 
{Kprfvy},  a  well),  have  been  obtained  from  the  same  source,  and  are  also 
found  occasionally  in  mineral  waters. 

When  it  is  desired  to  preserve  wood  from  decay,  it  is  impregnated  with 
some  substance  which  shall  form  an  unchangeable  compound  mth  the 
albuminous  constituents  of  the  sap.  Kreasote  (p.  460)  and  corrosive 
sublimate  (kyanising)  are  occasionally  used  for  this  purpose,  the  wood 
being  made  to  imbibe  a  diluted  solution  of  the  preservative,  either  by 
being  soaked  in  it  or  under  pressure. 

In  Boucherie's  process  for  preserving  wood,  the  natural  ascending  force 
of  the  sap  is  ingeniously  turned  to  accoimt  in  draAving  up  the  preservative 
solution.  A  large  incision  being  made  around  the  lower  part  of  the  trunk 
of  the  growing  tree,  a  trough  of  clay  is  built  up  aromid  it,  and  filled  -ndth  a 
weak  solution  of  sulphate  of  copper,  acetate  of  iron,  or  cliloride  of  calcium. 
Even  after  the  tree  has  been  feUed,  it  may  be  made  to  imbibe  the  pre- 
serving solution  whilst  in  a  horizontal  position,  by  enclosing  the  base  of 
the  trunk  in  an  impermeable  bag  supplied  with  the  hquid  from  a  reservoir. 
The  impregnation  of  the  wood  with  such  solutions  not  only  prevents 
chemical  decay,  but  renders  it  less  liable  to  the  attacks  of  insects  and  the 
growth  of  fungi. 
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NUTEITION  OF  ANIMALS. 

452.  Eetween  the  chemistry  of  vegetable  and  that  of  animal  life  there 
is  this  fundamental  distinction,  that  the  former  is  eminently  constructive 
and  the  latter  destructive.  The  plant,  supplied  with  compounds  of  the 
simplest  kind — carbonic  acid,  water,  and  ammonia— constructs  such  com- 
plex substances  as  albumen  and  sugar ;  whilst  the  animal,  incapable  of 
deriving  sustenance  from  the  simpler  compounds,  being  fed  with  those  of 
a  more  complex  character,  converts  them  eventually,  for  the  most  part, 
into  the  very  materials  with  which  the  constructive  work  of  the  plant 
commenced.  It  is  indeed  true,  that  some  of  the  substances  deposited  in 
the  animal  frame,  such  as  fibrine  and  gelatinous  matter,  rival  in  com- 
plexity many  of  the  products  of  vegetable  life ;  but  for  the  elaboration 
of  these  substances,  the  animal  must  receive  food  somewhat  approach- 
ing them  in  chemical  composition.  It  is  to  this  nearer  resemblance 
between  the  food  of  animals  and  the  proximate  constituents  of  their 
frames,  that  we  may  partly  ascribe  the  greater  extent  of  our  knowledge 
on  the  subject  of  the  nutrition  of  animals,  which  is,  however,  far  from 
being  complete. 

The  ultimate  elements  contained  in  the  animal  body  are  the  same  as 
those  of  the  vegetable,  but  the  proximate  constituents  are  far  more 
numerous  and  varied. 

The  bones,  containing  the  phosphates  and  carbonates  of  Hme  and  mag- 
nesia, together  with  gelatinous  matter,  require  that  the  animal  should  be 
supplied  with  food  which,  like  bread,  contains  abundance  of  phosphates, 
as  well  as  the  nitrogenised  matter  (gluten)  from  which  the  gelatinous 
substance  may  be  formed.  In  milk,  the  food  of  the  young  animal,  we 
have  also  the  necessary  phosphates,  whilst  the  caseine  affords  the  supply 
of  nitrogeneous  matters. 

_  Muscular  flesh  finds,  in  the  gluten  of  bread  and  the  caseine  of  milk,  the 
nitrogenised  constituent  from  which  its  fibrine  might  be  formed  with  even 
less  transformation  than  is  required  for  the  gelatinous  matter  of  bone, 
since  the  composition  of  fibrine,  gluten,  and  caseine  is  very  similar. 

The  albumen  and  fibrine  of  the  blood  have  also  their  counterparts  in 
the  gluten  and  caseine  of  bread  and  milk,  whilst  all  the  salts  of  the  blood 
may  be  found  in  either  of  these  articles  of  food. 

Bread  and  milk,  therefore,  may  be  taken  as  excellent  representatives 
of  the  food  necessary  for  animals,  and  the  same  constituents  are  received 
m  their  flesh  diet  by  animals  which  are  purely  carnivorous,  but  in  a 
higher  stage  of  preparation. 

It  is  natural  to  suppose  that  those  parts  of  the  frame  which  contain  no 
nitrogen  should  be  supplied  by  those  constituents  of  the  food  which  are 
free  from  that  element,  such  as  the  starch  in  bread  and  the  sugar  and  fat 
in  milk. 

Before  the  food  can  be  turned  to  account  for  the  sustenance  of  the  body, 
it  must  undergo  digestion,  that  is,  must  be  either  dissolved  or  otherwise 
reduced  to  such  a  form  that  it  can  be  absorbed  by  the  blood,  which  it 
accompanies  into  the  lungs  to  undergo  the  process  of  respiration,  and  thus 
to  become  fitted  to  serve  for  the  nutrition  of  the  various  organs  of  the 
body,  since  these  have  to  be  continually  repaired  at  the  expense  of  the 
constituents  of  the  blood. 
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The  first  step  towards  the  digestion  of  the  food  is  its  disintegration, 
effected  by  the  teeth,  with  the  aid  of  the  saliva,  hy  which  it  should  he 
reduced  to  a  pulpy  mass.  The  saliva  is  an  alkaluie  fluid  characterised  hy 
the  presence  of  a  peculiar  albuminous  substance  called  pty aline  (tttvu,  io 
spit),  which  easily  putrefies.  The  action  of  saliva  in  mastication  is 
doubtless  in  great  part  a  mechanical  one,  but  it  is  probable  that  its 
alkalinity  assists  the  process  chemically,  by  partly  emulsifying  tlie  fatty 
portions  of  the  food.  The  liability  of  ptyaline  to  putrefaction  favours  the 
supposition  that  it  may  act  in  some  way  as  a  ferment  in  promoting  the 
digestion. 

This  disintegration  of  the  food  is  of  course  materially  assisted  by  the 
cooking  to  which  it  has  been  previously  subjected,  the  hard  and  fibrous 
portions  having  been  thereby  softened. 

The  food  now  passes  to  the  stomach,  in  which  it  remains  for  some  time, 
at  the  temperature  of  the  body  (98°  F.),  in  contact  with  the  gastric  juice, 
the  chief  chemical  agent  in  the  digestive  process. 

The  gastric  juice,  which  is  secreted  by  the  lining  membrane  of  the 
stomach,  is  an  acid  liquid,  containing  hydrochloric  and  lactic  acids.  It  is 
characterised  by  the  presence  of  a  peculiar  substance  belonging  to  the 
albuminous  class  of  bodies,  which  is  csRed  pejysine  {irim-bi,  to  digest),  and 
possesses  the  remarkable  power  of  enabling  dilute  acids,  by  its  mere 
presence,  to  dissolve  such  substances  as  fibriue  and  coagulated  albumen, 
which  would  resist  the  action  of  the  acid  alone  for  a  great  length  of 
time. 

An  imitation  of  the  gastric  juice  may  be  made  by  digesting  the  mucous 
membrane  of  the  stomach  for  some  hours  in  warm  very  dilute  hydrochloric 
acid.  The  acid  liquid  thus  obtained  is  capable  of  dissolving  meat,  curd, 
&c.,  if  it  be  maintained  at  the  temperature  of  the  body.  The  pepsine 
prepared  from  the  stomach  of  the  pig  and  other  animals  is  sometimes 
administered  medicinally  in  order  to  assist  digestion. 

The  principal  change  which  the  food  suflPers  by  the  action  of  the  gastric 
juice  is  the  conversion  of  the  fibrinous  and  albuminous  constituents  into 
soluble  forms ;  the  starch  is  also  partly  converted  into  dextrine  and  sugar, 
but  the  fatty  constituents  are  unchanged. 

The  food  which  has  thus  been  partially  digested  in  the  stomach  is  called 
by  physiologists  cliyme,  and  passes  thence  into  the  commencement  of  the 
intestines  (the  duodenum),  where  it  is  subjected  to  the  action  of  two  more 
chemical  agents,  the  bile  and  the  pancreatic  juice. 

Bile  consists  essentially  of  a  solution  of  two  salts  known  as  glycocholate 
and  taurocholate  of  soda.  Both  glycochoHc  and  taurocholic  acids  are 
resinous,  and  do  not  neutralise  the  alkali,  so  that  the  bile  has  a  strong 
alkaline  character.  Another  characteristic  featui'e  of  this  secretion  is  the 
large  proportion  of  carbon  wliich  it  contains.  OlycoclioUc  acid  has  the 
composition  HO .  CjoH^oNOjj,  and  contains  therefore  67  per  cent,  of  cai-bou, 
whilst  taurocholic  acid,  HO .  CjjH^NOigSo,  contains  61  per  cent.  The 
names  of  these  acids  have  reference  to  the  circumstance  that  they  furnish 
respectively  glycocoll  and  taiu:ine,  together  Avith  two  new  acids  free  from 
nitrogen,  when  they  are  boiled  with  dilute  hydrochloric  acid — 

HO.C,,H,,NO„    +    HO    =    C,3H,„0,    +  C,H,NO, 

CilycoehoUc  acid.  Choloidic  acid.  Glycocoll. 


HO .  CJI,,NOi,S,  +  2H0  =  C,H.NO„S,  +  HO .  C^sH^O^, . 

Tam-ocholic  acid.  Tnin  inc.  Cholic  acid. 
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Taunne  forms  colourless  crystals  of  great  beauty,  and  is  remarkable  for 
the  large  proportion  (above  25  per  cent.)  of  sulphur  wliicli  it  contains.  It 
also  presents  an  interesting  example  of  a  complex  animal  derivative, 
which  may  be  artificially  prepared  in  a  very  simple  manner. 

When  olefiant  gas  is  passed  over  anhydrous  sulphuric  acid,  it  is  absorbed, 
and  if  the  product  be  dissolved  in  water,  neutralised  with  ammonia  and 
evaporated,  crystals  of  isethionate  of  ammonia  are  obtained — 

C,H,    H-    2SO3    +    NH3    +    2H0    =    NH3 .  HO .  C,H,S,0,  . 

Isethionate  of  ammonia. 

When  this  salt  is  moderately  heated,  it  loses  two  equivalents  of  water, 
and  leaves  taurine — 

NH3.H0.C,H,S,0,    -    2H0    =    C,H,NOeS, . 

Isethionate  of  ammonia.  Taurine. 

Another  characteristic  ingredient  of  the  bile  is  cliolesterine*  (Cj^Hj^OJ, 
a  crystalline  substance  somewhat  resembling  the  fats,  and  often  deposited 
in  large  quantity  in  the  form  of  biliary  calculi.  It  has. also  been  found 
in  peas,  wheat,  and  some  vegetable  oils. 

The  peculiar  colouring  matter  of  the  bile  has  never  been  obtained  in  a 
pure  state. 

A  peculiar  substance  called  ghjcogen,  or  animal  starch  {G^M^^O^^),  has 
been  found  in  the  hver,  and  becomes  speedily  converted  into  sugar  after 
death,  by  assimilating  the  elements  of  water. 

The  special  function  of  the  bile  in  the  digestion  of  the  food  has  not 
been  explained,  but  from  its  strongly  alkaHne  reaction  it  does  not  appear 
improbable  that  it  assists  in  the  digestion  of  fatty  substances. 

The  pancreatic  juice  is  another  alliaLLne  secretion,  which  differs  from 
the  bile  in  containing  a  considerable  quantity  of  albumen,  and  is  very 
putrescible.  Its  particular  office  in  digestion  appears  to  consist  in  promot- 
ing the  conversion  of  the  starchy  portions  of  the  food  into  sugar  (p.  496), 
though  it  also  has  a  powerful  action  upon  the  fats,  causing  them  to  form 
an  intimate  mixture,  or  emulsion,  with  water,  and  partly  saponifying  them. 
The  digestion  of  the  starch  and  sugar  is  .  completed  by  the  action  of  the 
intestinal  fluid  in  the  further  passage  of  the  food  through  the  intestines, 
so  that  when  it  arrives  in  the  small  intestines,  all  the  soluble  matters  have 
become  converted  into  a  thin  milky  liquid  called  chyle,  which  has  next  to 
be  separated  mechanically  from  the  insoluble  portions,  such  as  woody 
fibre,  &c.,  which  are  excreted  from  the  body. 

This  separation  is  effected  in  the  small  intestines  by  means  of  two 
distinct  sets  of  vessels,  one  of  which  (the  mesenteric  veins)  absorbs  the 
dissolved  starchy  portions  of  the  food,  and  conveys  them  to  the  liver, 
whence  they  are  afterwards  transferred  to  the  right  auricle  of  the  heart. 
The  other  set  of  vessels  {lacteals)  absorbs  the  digested  fatty  matters,  and 
conveys  them,  through  the  thoracic  duct,  into  the  subclavian  vein,  and 
thence  at  once  into  the  right  auricle  of  the  heart. 

From  the  right  auricle  this  imperfect  blood  passes  into  the  right 
.ventricle  of  the  heart,  and  is  there  mixed  Avith  the  blood  returned  from 
;the  body  by  the  veins,  after  liaving  fulfilled  its  various  functions  in  the 
system.  The  mixture,  which  has  the  usual  dark  brown  colour  of  venous 
blood,  is  next  forced,  by  the  contraction  of  the  heart,  into  the  lungs, 
where  it  is  distributed  through  an  immense  number  of  extremely  fine 
vessels  traversing  the  lungs,  in  contact  with  the  minute  tubes  containing 
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the  inspired  air,  so  that  tlie  venous  blood  is  only  separated  from  the  air 
by  very  tliin  and  moist  membranes.  Through  these  membranes  the  dark 
venous  blood  gives  up  the  carbonic  acid  with  which  it  had  become  charged 
by  the  oxidation  of  the  carbon  of  the  organs,  in  its  passage  through  the 
body,  and  acquires,  in  retm-n,  about  an  equal  volume  of  oxygen,  which 
converts  it  into  the  bright  crimson  arterial  blood.  In  this  state  it  returns 
to  the  left  side  of  the  heart,  whence  it  is  conveyed,  by  the  arteries,  to  the 
different  organs  of  the  body. 

The  chemistry  of  the  changes  effected  and  suffered  by  the  blood  in  its 
circulation  through  the  body  is  very  imperfectly  understood.  One  of  its 
great  offices  is  the  supply  of  the  oxygen  necessary  to  oxidise  the  com- 
ponents of  the  various  organs,  and  thus  to  evolve  the  heat  which  maintains 
the  body  at  its  high  temperature.  The  results  of  the  oxidation  of  these 
organs  are  undoubtedly  very  numerous;  among  them  we  may  trace 
carbonic  (CO^),  sulphuric  (SO3),  phosphoric  (PO5),  lactic  (CeHgOj),  butyric 
(CgHjOj),  and  uric  (CmllglSriOJ  acids,  as  well  as  urea  (C^H^NjOJ,  and  some 
other  substances.  The  destroyed  tissues  must  at  the  same  time  be  replaced 
by  the  deposition,  from  the  blood,  of  fresh  particles  similar  to  those  which 
have  been  oxidised.  In  the  course  of  the  blood  through  the  circulation, 
the  above  products  of  oxidation  have  to  be  removed  from  it — the  carbonic 
acid  by  the  Imigs  and  skin — the  sulphmic,  phosphoric,  and  uric  acids, 
and  the  urea,  by  the  kidneys. 

The  various  liquid  secretions  of  the  body,  such  as  the  bUe,  the  saliva, 
the  gastric  juice,  &c. ,  have  also  to  be  elaborated  from  the  blood  during  its 
circulation  through  the  arteries,  after  which  it  returns,  by  the  veins,  to 
the  heart,  to  have  its  composition  restored  by  the  matters  derived  from 
the  food,  and  to  be  reconverted  into  arterial  blood  in  the  lungs. 

"When  it  is  remembered  that  the  body  is  exposed  to  very  considerable 
variations  of  external  heat  and  cold,  a  question  occurs  as  to  the  provision 
made  for  maintaining  it  at  its  uniform  temperature.  This  is  effected 
through  the  agency  of  the  fat  which  is  deposited  ia  all  the  organs  of  the 
body.  Since  fatty  substances  iu  general  are  particularly  rich  in  carbon 
and  hydrogen,  their  oxidation  within  the  body  would  be  attended  with 
the  production  of  more  heat  than  that  of  those  parts  of  the  organs  which 
contain  much  nitrogen  and  oxygen.  Accordingly,  when  the  body  is 
exposed  to  a  low  temperature,  a  larger  quantity  of  its  fat  is  consumed  by 
the  oxidising  action  of  the  blood,  and  a  corresponding  increase  takes 
place  in  the  amount  of  heat  evolved,  thus  compensating  for  the  greater 
loss  of  heat  suffered  by  the  body  in  the  cooler  atmosphere.  Of  course,  in 
cold  weather,  when  more  oxygen  is  required  to  maintain  the  heat  of  the 
frame,  a  larger  quantity  of  that  gas  is  inhaled  at  each  breath  on  account 
of  the  higher  specific  gravity  of  the  air,  in  addition  to  which  we  have  the 
quickened  respiration  which  always  attends  exposure  to  cold. 

To  supply  this  extra  demand  for  carbon  and  hydrogen  in  cold  weather, 
we  instinctively  have  recourse  to  such  substances  as  fat,  starch,  sugar,  &c., 
which  contain  those  elements  in  large  proportion,  and  these  aliments,  free 
from  nitrogen,  are  often  spoken  of  as  tlie  resjnratory  constituents  of  food ; 
whilst  flesh,  gluten,  albumen,  &c,  which  contain  nitrogen,  are  styled  the 
plasfde  elements  of  nutrition  (TrAaacrw,  to  form). 

Bearing  in  mind  that  the  food  has  a  twofold  office — to  nourish  the 
frame  and  to  maintain  the  animal  heat — it  Avill  be  evident  that  a  judiciously 
regulated  diet  will  contain  due  proportions  of  tliose  nitrogenous  consti- 
tuents, such  as  alljumen,  fibrine,  and  cascine,  which  serve  to  supply  the 
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waste  of  the  organs,  and  of  such  non-nitrogenised  bodies  as  starch  and 
sugar,  from  which  fat  may  be  elaborated  to  sustain  the  bodily  warmth. 

The  proportion  which  these  two  i^arts  of  the  food  should  bear  to  each 
other  will,  of  course,  depend  upon  the  particular  condition  of  existence 
in  the  aiiinial.  Thus,  for  a  growing  animal,  a  larger  proportion  of  the 
nitrogenised  or  plastic  portion  of  food  would  be  requii-ed  than  for  an 
animal  whose  growth  had  ceased ;  and  animals  exposed  to  a  low  tempera- 
ture would  require  more  of  the  non-nitrogenised  or  heat-giving  portions  of 
the  food. 

Accordingly  we  find  that  a  man  can  live  iipon  a  diet  which  contains 
(as  in  the  case  of  wheaten  bread)  five  parts  of  non-nitrogenised  (starch 
and  sugar)  to  one  part  of  nitrogenised  food  (gluten) ;  whilst  an  infant, 
whose  increasing  organs  require  more  nitrogenised  material,  thrives  upon 
milk,  in  which  this  amounts  to  one  part  (caseine)  for  every  four  parts  of 
the  non-nitrogenised  portion  (milk-sugar  and  fat). 

The  inhabitants  of  cold  climates  consume,  as  is  well  known,  much 
more  oil  and  fat  than  those  of  the  temperate  and  hot  regions. 

An  examination  of  the  composition  of  difi'erent  articles  of  food  affords 
us  an  explanation  of  the  custom  wliich  experience  has  warranted,  of  asso- 
ciating particular  varieties  of  food.  Thus,  assuming  as  our  standard  of 
comparison  the  composition  of  bread,  which  contains  one  of  nutritive  to 
five  of  heat-giving  matter,  the  propriety  of  associating  the  following  kinds 
of  food  will  be  appreciated  : — 


I  Beef,  . 
(  Potatoes, 

J  Ham, 
t  Veal,  . 

f  Mutton, 
I  liice. 


Nutritive.  Heat-giving. 

1  1-7 

1  10 

1  3 

1  0  1 

1  2-7 

1        "  12-3 


All  muscular  or  mental  exertion  is  attended  with  a  corresponding 
oxidation  of  the  tissues  of  the  frame,  just  as  each  movement  of  a  steam- 
engine  may  be  traced  to  the  combustion  of  a  proportionate  quantity  of 
coal  under  the  boiler ;  and  hence  such  exertion  both  creates  a  demand 
for  food,  and  quickens  the  respiration  to  obtain  an  increased  supply  of 
oxygen. 

Experiment  has  proved  that  the  proportion  which  the  oxygen  consumed 
in  respiration  bears  to  the  carbonic  acid  exhaled,  depends  very  much  upon 
the  nature  of  the  food.  Thus  an  animal  fed  upon  vegetable  matters,  such 
as  starch  and  sugar  (the  oxygen  in  which  exactly  suffices  to  convert  the 
hydrogen  into  water),  wiU  turn  nearly  all  the  inspired  oxygen  to  account 
in  the  formation  of  carbonic  acid,  the  voliime  of  wliich  will  be  nearly 
equal  to  that  of  the  oxygen  which  disappears  at  each  inspiration;  but  when 
flesh,  or  particularly  fat,  is  consumed,  much  more  of  the  inspired  oxygen 
is  required  to  convert  the  hydrogen  of  the  food  into  water,  so  that  the 
volume  of  the  carbonic  acid  is  far  less  than  that  of  the  oxygen  consumed 
in  respiration.  When  an  animal  has  been  kept  for  a  length  of  time 
without  food,  the  proportion  between  the  volume  of  the  carbonic  acid 
and  that  of  the  oxygen  consumed,  is  the  same  as  if  the  o,nimal  were  beino- 
fed  tii)on  a  flesh  diet,  inasmuch  as  its  own  flesli  alone  is  now  supporting 
its  respiration. 
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CHANGES  IN  THE  ANIMAL  BODY  AETER  DEATH. 

453.  After  the  death  of  animals,  just  as  after  that  of  plants,  their  com- 
ponent parts  are  reduced  to  the  primary  forms  from  Avhich  they  were 
derived,  so  that  they  may  begin  again  at  the  foot  of  the  ascending  scale 
of  life.  Very  soon  after  life  is  extinct,  the  atmospheric  oxygen  begins 
to  induce  a  change  in  some  of  the  nitrogenous  constituents,  and  this 
change  is  soon  communicated  to  all  parts  of  the  body,  which  undergo 
a  putrefaction  or  metamorphosis,  of  which  the  ultimate  results  are  the 
conversion  of  the  carbon  into  carbonic  acid,  the  hydrogen  into  water, 
the  nitrogen  into  ammonia,  nitrous  and  nitric  acids,  and  the  sulphur 
into  sulphuretted  hydrogen  and  sulphuric  acid.  The  mineral  constituents 
of  the  animal  frame  then  mingle  "with  the  surrounding  soU,  and  are 
ready  to  take  part  in  the  nourishment  of  plants,  which  construct  the 
orgaiiic  components  of  their  frames  from  the  carbonic  acid  and  ammonia 
furnished  by  the  putrefaction  of  the  animal,  and  then  serve  in  their  turn 
as  sustenance  for  animals  whose  respiration  suppHes  the  air  with  carbonic 
acid,  and  takes  in  exchange  the  oxygen  eliminated  by  the  plant. 

The  functions  of  the  two  divisions  of  animate  nature  are,  therefore, 
perfectly  reciprocal,  and  tliis  relationship  must  be  regarded  as  the  founda- 
tion of  economical  agricidture. 

If  it  were  possible  to  prevent  the  change  of  the  atmosphere,  it  is  quite 
conceivable  that  a  perpetual  succession  of  plants  and  animals  could  be 
raised  upon  a  given  farm  without  any  importation  of  -  food,  provided  that 
there  was  also  no  exportation.  Or  even,  permitting  an  exportation  of 
food,  the  succession  of  plants  and  animals  raised  upon  the  same  land 
might  be,  at  least,  a  very  long  one,  if  the  solid  and  liquid  excrements  of 
the  animals,  to  feed  whom  this  exportation  took  place,  were  restored  to  the 
land  upon  which  this  food  was  raised.  The  explanation  of  this  is,  that 
the  solid  and  liqmd  excrements  of  the  aiumal  contain  a  very  large  propor- 
tion of  the  mineral  constituents  of  the  soil,  in  the  very  state  in  Avhich 
they  are  best  fitted  for  assimilation  by  the  crop,  and  as  long  as  the  soil 
contains  the  requisite  supply  of  mineral  food,  the  plant  can  derive  its 
organic  constituents  from  the  atmosphere  itself. 

Forasmuch,  however,  as  the  vegetable  and  animal  food  produced  upon 
a  farm  is  generally  exported  to  feed  the  dwellers  in  towns,  whose  excre- 
ments cannot,  without  excessive  outlay,  be  returned  to  the  soil  whence 
the  food  was  derived,  it  becomes  necessary  for  the  agricultm-ist  to  piu-- 
chase  farm-yard  manure,  guano,  &c.,  in  order  to  prevent  the  exhaustion  of 
his  soil.  A  great  manufacturing  country,  in  which  the  majority  of  the 
inhabitants  are  congregated  in  very  large  niunbers  aroimd  a  few  centres 
of  industry,  at  a  distance  from  the  land  under  tillage,  is  thus  of  necessity 
dependent  for  a  considerable  proportion  of  its  food  upon  more  thinly 
populated  countries  where  manufactures  do  not  flourish,  to  which  it  ex- 
ports in  return  the  joroduce  of  the  labour  which  it  feeds. 

The  parts  of  the  frames  of  animals  differ  very  considerably  in  their 
tendency  to  putrefaction.  The  blood  and  muscular  flesh  undergo  tliis 
change  most  readily,  as  being  the  most  complex  parts  of  the  body,  wliilst 
the  fat  remains  unchanged  for  a  much  longer  period,  and  the  bones  and 
hair  will  also  resist  putrefaction  for  a  great  length  of  time. 

iho  comparative  stability  of  the  fat  is  observed  in  the  bodies  of  animals 
\\  liicli  liave  been  buiiod  for  some  time  in  a  very  wet  situation,  when  they 
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are  often  found  converted  almost  entii-ely  into  a  mass  of  adipocere,  con- 
sisting of  the  stearic  and  margaric  acids  derived  from  the  fat. 

When  an  animal  body  is  thoroughly  dried,  it  may  be  preserved  un- 
changed for  any  length  of  time,  and  tliis  is  the  simplest  of  the  methods 
adopted  for  the  preservation  of  animal  food,  becoming  far  more  efficacious 
when  combined  with  the  use  of  some  antiseptic  substance  such  as  salt, 
sugar,  spice,  or  kreasote. 

The  preservative  effects  of  salt  and  sugar  are  sometimes  ascribed  to  the 
attraction  exerted  hj  them  upon  moisture,  which  they  withdraw  fi-om  the 
flesh,  whilst  spices  owe  their  antiseptic  power  to  the  essential  oils,  which 
appear  to  have  a  specific  action  in  arresting  fermentative  change,  a  cha- 
racter which  also  belongs  to  kreasote,  carbolic  acid,  and  probably  to  other 
substances  which  occur  in  the  smoke  of  wood,  well  known  for  its  efficacy 
in  curing  animal  matter. 

A  process  commonly  adopted  for  the  preservation  of  animal  and  vege- 
table food  consists  in  heating  them  with  a  little  water  in  tin  canisters, 
which  are  sealed  air-tight  as  soon  as  the  steam  has  expelled  all  the  air, 
and  if  the  organic  matter  be  perfectly  fresh,  this  mode  of  preserving  it  is 
found  very  successful,  though,  if  putrefaction  has  once  commenced,  to  ever 
so  slight  an  extent,  it  will  continue  evfen  in  the  sealed  canister,  quite  in- 
dependently of  the  air. 

Modern  experiments  have  disclosed  a  great  imperfection  in  our  acquaint- 
ance with  the  conditions  under  wliich  putrefaction  takes  place,  and  appear 
to  indicate  the  presence  in  the  atmosphere  of  some  minute  solid  particles 
which  appear  to  be  minute  ova  or  germs,  and  have  the  power  of  inducing 
the  commencement  of  this  change.  It  has  been  found  that  milk,  for 
example,  may  be  kept  for  a  very  considerable  period  mthout  putrefying, 
if  it  be  boiled  in  a  flask,  the  neck  of  which  is  afterwards  loosely  stopped 
with  cotton  wool,  whilst,  if  the  plug  of  cotton  wool  be  omitted,  the  other 
conditions  being  precisely  the  same,  putrefaction  will  take  place  very 
speedily. 

Perfectly  fresh  animal  matters  have  also  been  preserved  for  a  length  of 
time  in  that  state,  in  vessels  containing  air  which  has  been  passed  through 
red-hot  tubes  with  the  view  of  destroying  any  living  germs  which  might 
be  present,  and  such  substances  have  been  found  to  putrefy  as  soon  as  the 
unpurified  air  was  allowed  access  to  them. 

The  extremes  of  the  scale  of  animated  existence  would  appear  to  meet 
here.  The  highest  forms  of  organised  matter,  immediately  after  death, 
serve  to  nourish  some  of  the  lowest  orders  of  living  germs,  which  help  to 
resolve  the  complex  matter  into  the  simpler  forms  of  carbonic  acid,  am- 
monia, &c.,  which  are  returned  to  the  atmosphere,  the  great  receptacle  for 
the  four  chief  elements  of  living  matter. 
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Abel's  experiments  on  gun-cotton,  506. 
fuze-composition,  348. 
gim-cotton  pulp,  506. 
Acetal,  554. 
Acetamide,  549. 
Acetic  acid,  HO  .  C,B.fi„  514. 

artificial  formation,  533. 
formed  from  alcohol,  492. 
formed  from  citric,  589. 
glacial,  HO .  C4H3O3,  564. 
purification,  466. 
synthesis  of,  564. 
anhydj-ide,  C^HaOj,  565. 
ether,  522. 
oxychloride,  565. 
peroxide,  567. 
Acetification,  492. 
Acetiue,  582. 

Acetone,  C,R„0^,  465,  556. 
diethylated,  570. 
dimethylated,  570. 
ethylated,  570. 
methylated,  570. 
properties,  563. 
Acetones,  556. 
Acetonic  acid,  561. 
Acetonitrile,  550. 
Acetyle,  519,  555. 

binoxide,  567. 
chloride,  565. 
urea,  620. 
Acetylene,  CjH^,  83. 

composition  by  volume,  100. 
copper  test  for,  84. 
detection  in  coal-gas,  102. 
formed  from  olefiant  gas,  87. 
molecular  formula,  83. 
preparation  from  coal-gas,  83. 

ether,  83, 

properties,  84. 
silver  precipitate,  84. 
synthesis,  83. 
Acetylide  of  copper,  preparation,  83. 
potassium,  84. 
sodium,  84. 

Acid,  7. 

definition,  9. 

of  sugar,  .'584. 

radicaUs,  CinHjn-i,  520. 

unitary  definition,  256. 
Acids,  anhydrous,  50. 

acrylic  series  of,  C^n  H^b-sOi,  577. 

aromatic,  460,  545. 

bibasic,  constitution,  255. 


Acids,  dibasic,  unitary  definition,  256. 
hydrated,  50. 

monobasic,  constitution,  255. 

unitary  definition,  256. 

of  .the  acetic  series,  514. 
lactic  series,  560. 

organic,  constitution,  566. 

oxalic  series  of,  580. 

polybasic,  524. 

tribasic,  constitution,  256. 

unitary  definition,  256. 

vegetable,  583. 

volatile,  separation,  571. 

water-type  view  of,  254. 
Acidulous  waters,  45. 
Aconitic  acid,  589. 
Aconitine,  538. 

Acrylic  acid,  HO  .  G^Sfi^,  577. 

Actinic  rays  of  light,  140. 

Adapter,  83. 

Adipic  acid,  580. 

Adipocere,  635. 

Aerated  bread,  494. 

After-damp,  69. 

Ag,  silver,  361. 

AgBr,  bromide  of  silver,  366. 

AgOl,  chloride  of  silver,  365. 

Agl,  iodide  of  silver,  366. 

AgO,  oxide  of  silver,  364. 

AgO  .  NOj,  nitrate  of  silver,  364. 

Agriculture,  economy  of,  634. 

AgS,  sulphide  of  silver,  366. 

A  gate,  102. 

Aich-metal,  342. 

Air,  analysis  of  by  nitric  oxide,  131. 

by  phosphorus,  17. 
by  pyrogallic  acid,  593. 

atmospheric,  16. 

benzolised  for  illuminating,  97 

burnt  in  coal-gas,  95. 

candle  test  applied  to,  68. 

effect  of  combustion  on,  67. 

effect  of  electric  sparks  on,  123. 

eudiometric  aualysis,  34. 

exact  analysis  by  cojiper,  18. 

germs  of  life  in,  635. 

proportion  of  ammonia  in,  113. 

weight  of  100  cubic  inches,  14. 
Al,  aluminum,  285. 
AljOj,  alumina,  288. 
Alabaster,  279. 

orie7ital,  43. 
Albite,  290. 

Albumen  of  blood,  613. 
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Alcarsin,  529. 
Alcohol,  C^H^Oj,  516. 

absolute,  516. 

allylic,  480. 

amylic,  C,„H,j02,  511. 

anisic,  558. 

benzoic,  558. 

caprylic,  582. 

cerylic,  583. 

chemical  constitution,  525. 

definition,  513. 
cuminic,  558. 
flame,  98. 
from  milk,  609. 
methylated,  473. 
methylie,  CJifi^,  466. 
molecular  formula,  527. 
radicals,  C2iiH2„  +  ^,  519. 

doubled  formulae,  520. 
synthesis,  525. 
water-type  view,  526. 
Alcoholic  fermentation,  490. 
Alcohols  and  their  derivatives,  511. 
boiling  points,  612. 
diatomic,  558. 
equivalent  vohimes,  513. 
general  properties,  512. 
molecular  formulre,  558. 

volimies,  513. 
monatomic,  558. 

table  of,  512. 
polyatomic,  558. 
triatomic,  662. 
vapour-densities,  512. 
vinic  series,  C2„H2„  +  ^O^,  514. 
Aldehyde,  acetic  or  vinic,  C^H^O^,  554. 

-ammonia,  NHj,  C^Kfi^,  554. 
benzoic,  657. 
butyric,  556. 
caprylic,  556. 

chemical  constitution,  555. 
cinnamic,  658. 
cuminic,  558. 
euodic,  656. 

formation    in  vinegar-making, 
492. 

lauric,  556. 

oenanthic,  556. 

preparation,  554. 

properties,  554. 

propionic,  556. 

pyromucic,  568. 

resin,  554. 

rutic,  556. 

salicylic,  558. 

valeric,  556. 
Aldehydes,  554. 

action  on  amines,  556. 

derivation  from  alcohols,  513. 
Alder-wood,  composition,  419. 
Ale,  composition,  491. 
Algaroth,  powder  of,  381. 
Alizarine,  602. 
Alkali,  definition,  8. 

manufacture,  264. 
metals,  group  of,  274. 
An  1-  fumes  from,  148. 

AiJcalme  earth  metals,  general  review,  282. 

earths,  24. 
Alkaloids,  constitution,  538. 

determined,  543. 

organic,  537. 


All<aloids,  vegetable,  extraction  of,  594. 
Allotropy,  188. 
Alloxan,  CjHJSIjOj,  621. 
Alloxautine,  C,„H,N.O,,,  621. 
Allyle,  C„H,,  479. 
iodide,  479. 
series,  479,  577. 
sulphide,  480. 
sulphocyanide,  480. 
terbromide,  578. 
Allylene,  480. 
Allylic  alcohol,  480. 

aldehyde,  577. 
Almond  cake,  474. 

oil,  S81. 
Almonds,  474. 
Aloes,  480. 
Aludels,  367. 
Alum,  286. 

basic,  288. 
concentrated,  286. 
in  bread,  494. 
shal^,  287. 
uses,  287. 
Alumina,  AljOg,  288. 
.  acetate,  563. 
action  of  fluoride  of  sUicon  on,  180. 
atomic  formula,  292. 
hydrate,  288. 
phosphates,  291. 
silicates,  290. 
sulphate,  286. 
Aluminiie,  253. 
Ahirainima,  Al,  285. 

action  on  water,  24. 
and  copper,  290. 
bronze,  290. 
chloride,  MjC\,,  288. 

molecular  formula,  292. 
vapour-density,  292. 
equivalent  and  atomic  weights, 
291 

ethide,  A1,(C,H,)3,  534. 
extraction,  289. 
fluoride,  179. 
methide,  534. 
properties)'  289. 
sUicide,  107. 
Alums,  210,  287. 

Amalgam  for  electrical  machines,  369. 

of  arumonium,  119. 

of  sodium,  119. 
Amalgamating  zinc  plates,  368. 
Amalgamation  of  gold  ores,  403. 

of  silver  ores,  362. 
Amalgams,  369. 
Amarine,  .568. 
Amber,  473 
Amethyst,  102,  326. 
Amides,  constitution,  550. 
formation,  549. 
of  phosphoric  acid,  239. 
Amide  theory  of  organic  bases,  539. 
Amidide  of  potassium,  551. 
Amidodiphenylimide,  459. 
Amidogen,  NHj,  539. 
Ammonia,  NH„  113. 

absorbed  by  charcoal,  58. 

absorption  by  water,  114. 

action  of  iodine  on,  1 76. 

-alum,  287. 

.md  chlorine.  143. 
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Anniionia,  arsenite,  244. 

as  food  for  plants,  113. 
bicarbonate,  270. 
hihydrosulpbate,  271. 
bisulphate,  269. 
burnt  in  oxygen,  117. 
carbonate,  NH^O .  CO,,  270. 
combination  with  acids,  118. 
combining  volume,  119. 

weight,  119. 
common  carbonate,  2NH.0.3CO,, 
269. 

composition,  120. 
decomposed  by  the  spark,  118. 
delicate  test  for,  373. 
explosion  vnth  oxj'gen,  122. 
formation  from  nitric  acid,  127. 
gas,  dried,  117. 

preparation,  114. 
group  of  hydi'ogen  compounds, 
247. 

hydriodate,  176,  272. 
hydrobromate,  272. 
hydrochlorate,  NH3.HCI,  113. 

properties,  270. 
hycb-osulphate,  NH3.  HS,  271. 
hyposulphite,  272. 
identified,  114. 

in  waters,  examination  for,  373. 
isethionate,  631. 
Uquefled,  116. 
molecular  formula,  120. 
molybdate,  393. 
muriate,  270. 
Nessler'.s  test  for,  373. 
nitrate,  311. 

decomposed  by  heat,  130. 

preparation,  130. 
nitrification  of,  122. 
oxalate,  NH^O .  Cfi„  584. 
properties,  114. 
proportion  in  air,  113. 
salts,  269. 

sesquicarbonate,  2NH,0  .  3C0„, 
269. 

solution,      determination  of 

strength,  115. 
solution,  specific  gravity,  115. 
sources  of,  113. 
sulphate,  NH^O .  SO,,  269. 
urate,  621. 
volcanic,  267. 
Ammoniacal  liquor,  449. 

extraction  of  ammonia 
from,  113. 

Ammoniacum,  489, 
Ammonia-meter,  115. 
Ammonias,  complex,  537. 

ethylated,  539. 
Ammoniated  chloride  of  silver,  116. 
Amraonide,  sulphuric,  NH3 .  SO3,  269. 
Ammonium,  NHj,  269. 

amalgam,  119. 

bisulphide,  272. 

bromide,  272. 

chloride,  270. 

properties,  270. 

heptasulphide,  272. 

iodide,  272. 

oxide,  NH^O,  269. 

pentasulphide,  272. 

sulphide,  NH.S,  271. 


Ammonium  sulphide,  yellow,  272.' 

sulphocyanido  prepared,  217. 
theory,  118. 
Amorphous,  55. 
Amorphous  phosphorus,  226. 
Amygdaline,  474, 
Amylacetic  (oenauthic)  acid,  570. 
Araylamine,  542,  547. 
Amyle,  Ci„H,i,  519. 

acetate,  553. 
valerianate,  553. 
Amylene,  515. 
Amylene-glycol,  561. 
Amylethylic  ether,  525. 
Amylic  alcohol,  Gi^B^fi^,  511. 
Amylic  iodide,  520. 
Analysis  of  gaseous  hydrocarbons,  99. 
of  marsh-gas,  99. 
organic,  73. 

calculation  of,  74. 

Anatase,  391. 
Ancaster  stone,  414. 
Anchoic  acid,  580. 
Angelic  acid,  677. 
Anglesite,  PbO  .  SO3,  359. 
Anhydride,  acetic,  565. 

benzoacetic,  565. 
benzoic,  476. 
carbonic,  75. 
lactic,  609. 
nitric,  129. 
phosphoric,  231. 
sulphiu-ic,  209. 
.    sulphurous,  200. 
tartaric,  587. 
Anhydrides  of  organic  acids,  564. 
Anhydrous,  47. 
Anhydrous  acids,  50. 
Aniline,  C.jH.N,  455. 
-black,  458. 
-blue,  458. 

constitution,  546. 
colours,  456. 
constitution,  539. 
-green,  458. 
-purple,  456. 
-red,  456. 

constitution,  546. 
salts,  458. 
test' for,  455, 
-violet,  458. 

constitution,  546. 
-yellow,  457. 
Animal  charcoal,  59. 

chemistry,  607. 
heat,  632. 

Animals,  and  plants,  reciprocity  of,  634. 

changes  after  death,  634. 

destructive  functions  of,  629. 

nutrition  of,  629. 

oxidising  functions  of,  627. 

idtimate  elements  of,  629. 
Animi  resin,  472. 
Aniseed,  essential  oil  of,  476,  558. 
Anisic  acid,  476,  558. 

alcohol,  558. 
Anisyle  hydride,  476. 
Annatto,  601. 

Ansell's  fire-damp  indicator,  89. 
Anthracite,  QZ. 

composition,  434. 

procluction  of  flame  from,  77. 
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AnticMore,  199,  212. 
Anticorrosive  caps,  157. 
Antimonic  acid,  SbO,,  379. 
Aiitimonietted  hydrogen,  380. 
Autimony,  Sb,  378. 

action  on  water,  24. 

amorphous,  379. 

antimoniate  of  teroxide, 
SbOj,  SbO„  379. 

butter  of,  381. 

chlorosulphide,  381. 

compoimds,    atomic  formulse, 
383. 

crocus,  378. 

cnide,  SbSg,  378. 

detected,  193,  380. 

equivalent  and  atomic  weights, 
382. 

extraction   in  the  laboratory, 

378. 
glass  of,  382. 
grey  ore  of,  SbSj,  378. 
ore,  red,  SbO^ .  2SbS3,  382. 

white,  SbOj,  379. 
oxide,  SbOj,  379. 
oxychloride,  381. 
oxysulphide,  382. 
pentachloride,  SbClj,  381. 
pentasulphide,  SbS^,  382. 
potassio-tartrate,  587. 
regulus,  378. 
sulphide  identified,  381. 
sulphides,  381. 
terchloride,  SbClj,  381. 
teroxide,  SbO,,  379. 
tersulphide,  378.  • 
tested  for  lead  and  iron,  382. 
triatomic,  382. 
uses,  379. 

vermilion,  213,  382. 
Antiseptic  properties  of  carbolic  acid,  461. 

kresylic  acid,  462, 
sulphurous  acid,  198. 

Antozone,  52. 
Ants,  acid  of,  567. 

oil  of,  568. 
Apatite,  222. 
Apocrenic  acid,  628. 
Apple-oil,  553. 

Aq.,  water  of  crystallisation,  48. 
Aqua  fortis,  125. 

regia,  167. 
Arabine,  482. 

Arachidic  (butic)  acid,  514. 
Arbor  Diante,  369. 
Archil,  602. 
Argand  lamp,  96. 
Argent-acetyle,  chloride  of,  84. 

oxide  of,  84. 
Argent-aUylene,  480. 
Argillaceous  iron  ores,  301. 
Argol,  258,  586. 
Arrack,  511. 

Arragonite,  CaO .  COj,  278. 
Arrowroot,  485. 
Arseniates,  246. 

normal  ratio  of,  254. 
Arsenic,  As,  240. 

bisulphide,  249. 

combining  volume,  244. 

detection,  247. 

extraction,  240. 


Arsenic,  extraction  from  organicmatters,  248. 
in  copper,  340. 
native,  240. 
oxides,  242. 
pentasulphide,  250. 
subsulphide,  249. 
sulphides,  249. 
terbromide,  249. 
terchloride,  248. 
terfluoride,  249. 
teriodide,  249. 
tersulj)hide,  249. 

identified,  250. 
ti'iethoxide,  634. 
white,  242. 
Ai-senic  acid,  AsOj,  245. 

action  of  hydrosulphuric  acid 
on,  250. 
Arsenical  nickel,  NiAs,  330. 

paper-hangings,  245. 
pyrites,  240. 
soap,  244. 
Arsenic-eating,  245. 
Ai'seuides,  240. 

Arseuietted  hydrogen,  AsHj,  246. 

decomposed  by  heat, 
247. 

Arsenio-diethyle,  533. 

-dimethyle,  533. 
-sulphides,  240. 
-triethyle,  533. 
-trimethyle,  533. 
Arsenious  acid,  AsOj,  242. 

action  of  ammonia  on,  244. 
chlorine  on,  248. 
hydrochloric  acid 

on,  248. 
hydrosulphuric 
acid  on,  250. 
behaviour  with  water,  243. 
composition,  243. 
crystaUine,  243. 
identified,  241. 
molecular  formula,  244. 
opaque,  243. 
smallest  fatal  dose,  243. 
tribasic,  244. 
vitreous,  242. 
Arsenim-etted  or  arsenietted  hydrogen,  246. 
As,  arsenic,  240. 
Asafoetida,  480. 

essential  oil  of,  479. 
Asbestos,  280. 

AsHg,  arsenietted  hydrogen,  246. 

Ashes  of  coal,  63. 

AsOj,  arsenious  acid,  242. 

AsOj,  arsenic  acid,  245. 

■Asparagine,  590. 

Aspai'agus,  500. 

Aspartic  acid,  590. 

Assay  of  gold  by  cupeUation,  405. 

Atacamite,  346. 

Atmolysis,  28. 

Atmosphere,  composition,  16. 
Atmospheric  air,  16. 
Atmospheric  germs  of  putrefaction,  635. 
Atom,  definition,  52. 

etjTnology,  36. 
Atomic  formula  of  alumina,  292. 

arsenic  acid,  244. 

boracic  acid,  112. 

chloride  of  silicon,  165. 
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Atomic  formula  of  cUoricle  of  zinc,  298. 

liydi-ate  of  soda,  268. 
hyposulphite  of  soda,  213, 
oxide  of  zinc,  298. 
phosphoric  acid,  231. 
potash,  261. 
potassic  hydrate,  261. 
silicic  acid,  109. 
soda,  268. 

Atomic  fomuilfe  of  alkaline  earths,  285. 

antimony  couipouud.s, 
383. 

bismuth  compounds,  377. 
chlorides  of  carbon,  164. 

ii-on,  324. 
chromium  compoimds, 
334. 

copper  compounds,  348. 
gold  compoimds,  408. 
lead  compounds,  360. 
manganese  compounds, 
328. 

mercmy  compoimds,  375. 
oxides  of  chlorine,  161. 

ii-on,  324. 
oxides  of  nitrogen,  137. 
platinum  compoimds, 

399. 
salts,  257. 

silver  compounds,  366. 
sulphates,  211. 
tin  compoimds,  390. 
types  of,  151. 
Atomic  heat,  definition,  283. 

of  magnesium,  284. 
Atomic  heats,  37. 

of  compound  bodies,  284. 
oxygen,    hydrogen,  and 

nitrogen,  284. 
potassium,    sodium,  and 
lithium,  284. 
Atomicities,  classification  by,  251. 
Atomicity,  151. 

importance  in  theoiy,  251. 
notation  of,  251. 
Atomic  theory,  36. 

unitary  formulce  of  salts,  257. 
weight,  36. 

of  sulphur,  194. 

Atropine,  538. 

Attraction,  chemical,  definition,  1. 
An,  gold,  402. 

Aua,,  terchloride  of  gold,  406. 

Auffite,  291. 

Auric  acid,  AuOj,  406. 

Autogenous  soldering,  203. 

Azobenzide,455. 

Azolitmine,  603. 

Azote,  etymology,  113. 

B,  BORON,  109. 

Ba,  barium,  275. 

BaCl,  chloride  of  barium,  276. 

Balenic  acid,  514. 

Balloons,  27. 

made,  508. 
Balsam  of  Peru,  472. 

toln,  472. 
Balsams,  472. 
Banca  tin,  385. 
BaO,  baryta,  276. 

BaO .  COj,  carbonate  of  baryta,  275. 


BaO.  NO,,  ui_trate  of  baryta,  276. 
BaO  SO,,  .sulphate  of  baryta,  275. 
Barilla,  264. 
Bar-iron,  best,  312. 

conipo.sition,  314. 
crystalline,  315. 
fibrous,  312. 
manufacture,  309. 
Barium,  Ba,  275. 

action  on  water,  24. 
binoxide,  276. 
chloride,  BaCl,  276. 
diatomic,  285. 

equivalent  and  atomic  weights,  283. 
sulphide,  275. 
Barley  sugar,  499. 
Baryta,  BaO,  276. 

carbonate,  276. 

preparation  from  heavy 
spar,  276. 
chlorate,  277. 
hydi-ate,  BaO .  HO,  276. 
hypophosphite,  234. 
in  glass,  410. 
nitrate,  BaO  .  NO,,  276. 
sulphate,  275. 

decomposition,  276. 
sulphovinate,  524. 
Barytocalcite,  278. 
Basalt,  291. 
Base,  definition,  10. 
Basicity  of  acids  determined,  257. 
Basic  oxides,  10. 
Bassorine,  483. 
Basylous,  250. 
Batligaie  coal,  468. 
Bath  stone,  414. 

Baths,  photographic,  recovery  of  silver  from, 
365. 

Battery,  galvanic,  20. 
Baiime's  flux,  219. 

Bauxite,  extraction  of  aluminum  from,  289. 

Baysalt,  263. 

Beans,  inosite  in,  615. 

Bear,  393. 

Beef-tea,  616. 

Beehive-shelf,  12. 

Beer,  composition,  491. 

ropy,  491. 

sparkling,  71. 
Bees'  wax,  583. 
Bell-metal,  342,  387. 
Bengal  saltpetre,  KO.NOj,  415. 
Benic  acid,  514. 
Benzamide,  549. 
Benzoacetic  anhydride,  565. 
Benzoic  acid,  llO.C^Jlfi,,  473. 

in  cow's  urine,  622. 
alcohol,  476,  558. 
anhydride,  476. 
peroxide,  567. 
Benzoin,  gum,  473. 
Benzoine,  475. 

Benzole  or  benzine,  C|jH„,  454. 

action  of  nitric  acid  on,  128. 

chloride  of,  455. 
Benzoline,  568. 
Benzolised  air,  97. 
Benzonc,  658. 
Benzonitrile,  550. 
Bcnzophenone,  558. 
Benzoylo.  OhH  A.  475. 

9.  « 
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Benzoyle,  binoxide,  567. 

compounds,  475. 

glycocoll,  622. 

hydride,  475. 

salicylamide,  551. 

salicyle,  477. 

series,  475. 
Benzoyle-ivrea,  620. 
Benzureide,  620. 
Benzylaniine,  558. 
Benzyle,  chloride,  558. 
Bergamotte,  essential  oil  of,  470. 
Beryl,  292. 

Bessemer's  process  (iron),  314. 

Bezoars,  593. 

Bi,  bismuth,  376. 

Bibasic  acids,  constitution,  255. 

Biborate  of  soda,  267. 

Bibromosuccinic  acid,  588. 

Bicarbonate  of  lime,  41. 

soda,  NaO .  HO  .  200^,  266. 
Bicarbonates,  75. 
Bichloracetic  acid,  563. 
Bi-equivalent  elements,  152. 
Bile,  630. 

Bimetantimoniate  of  potash,  380. 

soda,  380. 

Binary  formulse,  50. 

theoiy  of  acids,  254. 
salts,  254. 
Binoxide  of  hydrogen,  50. 

nitrogen,  130. 
BiOj,  bismuthic  oxide,  377. 
Birch,  essential  oil  of,  470. 
BiSj,  bismuthic  sulphide,  377. 
Biscuit  porcelain,  412. 
Bismuth,  Bi,  376. 

action  on  water,  24. 

equivalent  and  atomic  weights, 
377. 

glance,  377. 

impurities,  376. 

nitrate,  BiO^ .  3N0„  377. 

ochre,  S77. 

oxides,  377. 

oxy chloride,  377. 

sulphides,  377. 

tellui-ide,  222. 

terchloride,  BiCl^,  377. 

triatomic,  377. 

trisnitrate,  377. 
Bismuthic  acid,  377. 
Bistearine,  575. 

Bisulphate  of  potash,  KO  .  HO  .2SO3,  124. 
Bisulphide  of  carbon  in  coal-gas,  216. 
Bisulphites,  199. 
Bisulphiu'et  of  carbon,  215. 
Bitter  almond  oil,  CnH^Oj,  474. 
Bittern,  168,  263. 
Bituminous  coal,  63. 
Bixine,  601. 
Black  ash,  265. 

liquor,  treatment,  266. 
Blackhand,  301. 
Black  dyes,  606. 
Blaclcing,  vitriol  in,  206. 
Mack  lead,  55. 

crucibles,  56. 

vitriol,  345. 

wash,  372. 
Blast-furnace,  303. 

chemical  changes  in,  304. 


Blast-furnace  gases,  305. 
Blasting  with  gunpowder,  428. 
Bleaching  by  chloride  of  lime,  145. 

chlorine,  144. 

ozone,  15. 

sulijhurous  acid,  197. 
powder,  145. 
Bleach  killed,  199. 
Blende,  ZnS,  294. 
Blistered  steel,  316. 
Block  tin,  385. 
Blood,  611. 

action  of  oxygen  on,  613. 
aeration  of,  631. 
coagulation  of,  612. 
defibrinated,  612. 
formation  from  food,  629,  631 . 
globules,  612. 
venous  and  arterial,  613. 
Bloom  (iron),  310. 
Bloomery  forge,  321. 
Blowers  in  coal-mines,  89. 
Blowpipe,  cupellatiou  with,  355. 
flame,  98. 
oxy-hydrogen,  37. 
reduction  of  metals  by,  99. 
table,  106. 
test  for  lithixim,  272. 

potassium,  261. 
sodium,  266. 

Blue  blaze,  299. 
bricks,  413. 
copperas,  344. 
dyes,  606. 

fire  composition,  158. 
flowers,  colouring  matter  of,  601. 
malachite,  346. 
metal  (copper),  339. 
oxide  of  molybdenum,  393. 
timgsten,  392. 

pill,  368. 
pots,  56. 

Prussian,  FeiFcyj,  436. 
stone,  344. 
Thenard's,  329. 
Turnbull's,  443. 
verditer,  345. 
vitriol,  344. 

water  of  copper  mines,  339. 
writing  paper,  290. 
BOj  boracic  acid,  109. 
Bodies  of  animals,  putrefaction  of,  634. 
Boghead  caniiel,  468. 
Boiler  fluid,  arsenical,  245. 

incni.stations,  41. 
Boiling  meat,  616. 
Boiling  point,  definition,  47. 
Boiling  points  of  benzole  series,  459. 
Boiling  process  (iron),  313. 
Bolsover  stone,  414. 
Bone-ash,  222. 

as  manure,  624. 
black,  59. 
earth,  as  mamire, 
formation  from  food,  629. 
Bones,  ammonia  fm-uished  by,  547. 
as  manure,  625. 
composition,  222. 
destructive  distillation,  59. 
Boracic  acid,  BO,,  109. 

atomic  formula,  112. 
crystals,  110. 
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Boracic  acid,  equivalent,  111. 

identified,  110. 
in  glass,  410. 
mamif'actuve,  109. 
tribasic.  111. 
vitreous,  110. 
anhydride,  112. 
ether,  523. 
lagunes,  109. 
lioracite,  282. 
Borates,  111. 

normal  ratio  of,  254. 
Borax,  NaO .  2B0„  109,  267. 
glass,  267. 
identified,  267. 
manufacture,  267. 
refining,  267. 
uses,  267. 
^dtrefled,  267. 
Boric  ethide,  534. 

methide,  534.  ^ 
Bomeene,  471. 
Borneo  camphor,  471. 
Borofluoric  acid,  182. 
Borofluorides,  182. 
Boron,  B,  109. 

amoi-phous,  111. 
atomic  weight,  112. 
chloride,  BCI3,  166. 
combining  weight.  111. 
crystallised,  111. 
diamond,  111. 
fluoride, 
graphitoid,  111, 
nitride.  111. 
terchloride,  166. 
terfluoride,  182. 
Botany  Bay  gum,  461. 
Boucherie's  process  for  presemng  wood,  628. 
Bouquet  of  wines,  510. 
Boyle's  fuming  liquor,  272. 
Br,  bromine,  168. 
Brandy,  511. 
Brass,  342. 

for  engraving,  342. 
guns,  387. 
preparation,  342. 
Brassic  acid,  577. 
BroMnite,  Mn^Oj,  326. 
Brazil  wood,  601. 
Bread,  493. 

aerated,  494. 
new  and  .stale,  494. 
Brewing,  489. 
Bricks,  413. 

efflorescence  on,  268. 
Bright  iron,  308. 
Brimstone,  185. 
Britannia  metal,  386. 
British  brandy,  511. 

gum,  486. 
BrO„  bromic  acid,  169. 
Brochantile,  345. 
Bromates,  169. 
Bromic  acid,  169. 
Bromine,  Br,  168. 

action  on  pota.sh,  168. 
chloride  cf,  170. 
etymology,  169. 
hydrate,  169. 
iclentified,  169. 
in  waters,  168. 


Bromine,  useful  applications,  169. 

■svith  hydrogen,  ICS). 
Bromoform,  553. 
Bromosucciuic  acid,  588 
Bronze,  342,  387. 

annealing  of,  387. 

coin,  387. 

powder,  390. 
Brookite,  391. 

Bro^vn  acid  (sulphuric),  205. 
blaze,  299. 
coal,  63. 
dyes,  606. 
hcematite,  301. 
Brucine,  538. 
Brucite,  282. 
Brunolic  acid,  450. 
Brunswick  green,  346. 
Bubbles,  explosive,  32. 
Bucksldn,  592. 
Bug-poison,  371. 
Building-materials,  413. 

stone,  effect  of  air  of  towns  on,  414. 
preservation  of,  414. 
BuUets,  rifle,  355. 

shrapnel,  355. 
Burner,  air-gas,  96. 

Bunsen's,  96. 
gauze,  96. 
hot-air,  96. 
ring,  46. 
rosette,  45. 
Burners,  smokeles.s,  96. 
Burnett's  disinfecting  fluid,  298. 
Burnt  iron,  315. 
Butic  acid,  514,  582. 
ButLne,  682. 
Butter,  582. 
Butter-miUc,  608. 

prej)aration  of,  608. 
Butylactic  acid,  560. 
Butylamine,  547. 
Butyle,  Cs  Ho,  519. 

-amyle,  520. 
-caproyle,  520. 
Butylene,  515. 

-glycol,  561. 
Butylic  alcohol,  512. 
Butyramide,  549. 

Butyi-ic  acid,  YLO.C,B.,0„  514,  568. 

formed  from  citric,  589. 
synthesis  of,  569. 
two  rational  formulas  of,  509. 
ether,  553. 
Butyrine,  582. 
Biityrone,  557. 
Butyryle,  520,  556. 

-urea,  620. 

C,  OAEBON,  53. 

Ca,  calcium,  277. 

Cacao-butter,  598. 

CaCl,  chloride  of  calcium,  280. 

Cadet's  fuming  liquor,  529. 

Cadmia,  CdS.  299. 

Cadmium,  Cd,  299. 

carbonate,  299. 

diatomic,  299. 

equivalent  and  atomic  weights, 

identified,  299. 
iodide,  299. 
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Cadmium  oxide,  299. 

sulpliide,  CdS,  299. 
vapour  den.sity,  299. 
Csesia,  274. 

carbonate,  274. 
CiBsium,  273. 

eciuivalent  weight,  275. 

platiuooliloride,  397. 

properties,  274. 
Caen-stone,  414. 
CaF,  fluoride  of  calcium,  177. 
CafFeic  acid,  597. 
Caffeine,  Ci„Hi„N,0„  538. 

chemical  constitution,  595. 

extraction  of,  597. 

formed  from  theobromine,  599. 
Caffeone,  597. 
Cairiifform  stones,  102. 
Caking-coal,  63. 
Calamine,  ZnO  .  CO^,  294. 

electric,  294. 
Calcareous  waters,  41. 
Calcium,  Ca,  277. 
Calcium,  action  on  water,  24. 

bisulphide,  195,  280. 

chloride,  CaCl,  280. 

diatomic,  285. 

equivalentand  atomic  weights,  233. 

fluoride,  CaF,  177. 

oxychloride,  145,  280. 

pentasulphide,  1 95,  280. 

phosphide,  236. 

silicide,  280. 

sulphide,  280. 
Calc-spar,  278. 
Calculation  of  formulae,  121. 
Calico-printing,  604. 
Calomel,  Hg^Cl,  372. 

molecular  formula  of,  374. 
Calorific  intensity,  431. 
Cameos,  102. 

Camomile,  essential  oil  of,  470. 
Camphilene,  470. 
Camphine,  97,  469. 
Campholic  acid,  577. 
Camphor,  CjoHuOj,  471. 

artificial,  470. 

oil  of,  471. 
Camphors,  471. 
Camphorimide,  550. 
Candle,  chemistry  of,  93. 
Candles,  574. 

composite,  574,  576. 
Cane-sugar,  CuH.iO,,,  496. 

action  of  yeast  on,  490. 
composition,  499. 
Cannel  gas,  composition,  101. 
CaO,  lime,  278. 

CaO  .  CO2,  carbonate  of  lime,  278. 
CaO  .  0,  oxalate  of  lime,  585. 
CaO  .  SO3,  sxilphate  of  lime,  279. 
Caoutchine,  481. 
Caoutchouc,  480. 

artificial,  581. 

in  plant  juices,  482. 

solvents  for,  481. 
t^ap  composition,  446. 
Capric  (rutic)  acid,  514. 
Caprme,  682. 
Caproic  acid,  514. 
^      .  alcohol,  512. 
Caprome,  582. 


Caproyle,  CuHu,  519. 
Caproyleiie,  515. 
Caprylene,  515. 
Caprylic  acid,  514. 

alcohol,  512,  582. 
Capsicine,  538. 
Caramel,  499. 
Carbazotic  acid,  461. 
Carbolic  acid,  Q^^fi^,  460. 

antiseptic  character,  635. 

tests  of  pmity,  461. 

Carbon,  C,  53. 

and  hydrogen,  82. 

oxygen,  7. 
atomicity,  152. 
atomic  weight,  82. 
bichloride,  C^Cl,,  162. 
chemical  relations  of,  60. 
chlorides  of,  162. 
circulation  in  nature,  64. 
determiJfttion  of,  73. 
equivalent  weight,  81. 
hypothetical  vapour  density,  80. 
natural  sources,  53. 
oxides  of,  63. 
physical  properties,  61. 
sesquichloride,  CjCl„,  162. 
subchloride,  C^C^,  162. 
use  in  metallurgy,  61. 
Carbonate  of  baryta  and  lime,  278. 

lime  and  soda,  278. 

Ume  in  waters,  41. 

natural  sources  of,  65. 

Carbonates,  75. 

alkaline,  275. 
atomic  formulte,  76. 
equivalent  formulae,  76. 
norma],  253. 
unitary  formulae,  76. 
Carbon,  bisulphide,  CS^,  215. 

composition,  218. 
molecular  foi-mula,  218. 
iises,  216. 
burnt  to  carbonic  oxide,  calorific 

value  of,  433. 
calorific  intensity  calculated,  431. 
calorific  value,  61,  429. 
chlorides,  composition  by  volume, 
163. 

chlorides,  molecular  formulae,  164. 
group  of  elements,  112,  251. 
iodide,  176. 

liquid  sesquichloride,  CjClj,  164. 
oxychloride,  CjO^Clj,  165. 
protochloride,  CjCl^,  162. 
Carbonic  acid,  COj,  63. 

absorption  by  water,  70. 

analysis  of,  76. 

combining  weight,  81. 

composition  by  volume,  80. 

decomposed  by  carbon,  76. 

potassium,  76. 

determination  of,  73. 

equivalent  volume,  80. 

evolved  by  plants,  64. 

experiments  with,  66. 

formation  of  propj'lic  acid 
from,  533. 

formed  in  combustion,  63. 

respiration,  63. 

in  air,  sources  of,  63. 

in  breathed  air,  69. 
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Carbonic  acid,  injimous  effects  of,  68. 

liquefaction  of,  72. 
molecular  fomnila,  82. 

volume,  82. 
weight,  82. 
preparation,  65. 
properties,  65. 
salts  of,  75. 

separation  from  othergases,  72. 
springs,  64. 
synthesis  of,  53. 
Carbonic  auhycbide,  75. 

ether,  523. 
Carbonic  oxide,  CO,  76. 

absorption  by  cuprous  chlo- 
ride, 252. 
action  on  heated  metallic 

oxides,  80. 
calorific  value,  433. 
compositionby  volume,  80. 
decomposition  by  heat,  80. 
foiTuation  in  lii'es,  77. 
fonned  from  steam,  78. 
identified,  77. 

loss  of  heat  in  furnaces  pro- 
ducing, 433. 
metalliu-gic  applications,  77. 
molecular  formiila,  82. 

volume,  82. 
weight,  82. 
poisonous  properties,  78. 
preparation  from  carbonic 

acid,  76. 
preparation  from  ferrocy- 

anide  of  potassium,  79. 
preparation    fi-om  oxalic 

acid,  78. 
properties,  78. 
Carbonisation,  53. 
Carbonising  fermentation,  61. 
Carbotriamine,  546. 
Carbovinate  of  potash,  523. 
Carburetted  hydrogen,  88. 
Carnune,  604. 
Carmine  lake,  604. 
Carminic  acid,  604. 
Carnallite,  261. 
C'arnelian,  102. 

Carraway,  essential  oil  of,  470. 
Carre's  freezing  apparatus,  116. 
Carthamine,  601. 
Cartilage,  616. 
Case-hardening,  319. 
Caseine,  608. 

vegetable,  493,  610. 
Cassia,  essential  oil,  476. 
Cassiterite,  SnOj,  388. 
Cast-iron,  composition  of,  307. 

for  ordnance,  309. 

fusing  point,  309. 

grey,  308. 

malleable,  319. 

mottled,  308. 

phosphoms  in,  307. 

silicon  in,  108. 

specific  gravity,  309, 

siilphur  in,  307. 

varieties  of,  308. 

white,  308. 
Castor  oil,  582. 

cold-drawn,  582. 
Ca.st  steel,  317. 


Catalan  process,  320 
Catalysis,  51,  525. 
Catechu,  594. 
Ca'ts  eye,  102. 
Caustic  alkali,  9. 

etymology  of,  259. 

lunar,  AgO  .  N0„  364. 

potash,  259. 

soda,  266. 
Cd,  cadmium,  299. 
Cedar-wood,  essential  oil,  471. 
Cedreue,  471. 
Cedru'et,  465,  468. 
Celery,  500. 

Celestitie,  SrO  .  SO3,  277. 
Cellulose,  C^^B.,„0,„,  464. 

converted  into  sugar,  495. 
solvent  for,  344. 
Cement  for  earthenware,  610. 

Keene's  and  Keating's,  280. 

Portland,  415. 

Roman,  415. 

Scott's,  415. 
Cementation  process,  316. 

theory  of,  317. 
Ceuti'tfugal  sugar  drainer,  498. 
Cerasine,  483. 
Cerite,  293. 
Cerium,  Ce,  293. 

oxalate,  293. 

oxides,  293. 
Ceroleine,  583. 
Cerotene,  515. 
Cerotic  acid,  514,  583. 
Cerotine,  583. 
Ceruse,  358. 

Ceiylic  alcohol,  612,  583. 
Cetine,  582. 
Cetyle,  C^.H,,,  583. 

series,  583. 
Cetylene,  515. 
Cetylic  alcohol,  512. 

ether,  583. 
CjHg,  methyle,  466. 
C2H4,  marsh-gas,  88. 
C2H4O2,  methylic  alcohol,  466. 
C4H2,  acetylene,  83. 
C4H3O3,  anhydi-ous  acetic  acid,  566. 
C4H4,  olefiaut  gas,  85. 
CjH.Cl,,,  Dutch  liquid,  S6. 
C4H5,  ethyls,  519. 
CJifi,  ether,  517. 
CjHsOj,  alcohol,  516. 

CjH^Oki,  tartaric  acid  in  combination,  586. 

C.jH.,,  phenyle,  459. 

Ci,H„,  benzole,  454, 

C12H-N,  aniline,  455. 

ChH^O^,  benzoyle,  475. 

CjjHn,  naphthaline,  462. 

Cludcedony,  102. 

Clmlk,  CaO  .  CO^,  278. 

decomposed  by  sodium,  76. 
in  waters,  41. 
precipitated,  157. 
Chalybeate  waters,  45,  322. 
Clianieleon  mineral,  327. 
Champagne,  510. 
Charbon  roux,  419. 
Charcoal,  absorption  of  gases  by,  58. 

action  of  steam  on,  78. 

alder,  composition,  419. 

animal,  59. 
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Charcoal  as  fuel,  61. 
ash,  420. 
burning,  57. 
combustion  of,  60. 
decolorising  properties,  59. 
deodorising  properties,  58. 
examination,  420. 
for  gunpowder,  419. 
oxidised  by  nitric  acid,  126. 
preparation  in  the  laboratory,  429. 
prepared  at  different  temperatures, 
419. 

properties  of,  206. 

retort,  57. 

suffocation,  78. 

wood,  56. 
Charring  by  steam,  419. 
Cheese,  609. 
Cheltenham  water,  45. 
Chemical  equivalent,  definition,  23. 
Chemistry,  definition,  1. 
Cheques,  prepared  paper  for,  487. 
Chess ylite,  346. 

Chevreul's  investigations,  571. 
Chili  saltxjetre,  NaO  .  NOj,  415. 
CMll-casting,  309. 
Chimney,  hot  air,  for  lamps,  96. 

use  of,  in  lamps,  96. 
ventilation  by,  69. 
Chimneys  on  fire  extinguished,  197. 
Chinese  wax,  583. 
Chlonaphthalise,  CjoClj,  163. 
Chloracetic  acid,  HO .  C^H^ClOa,  563. 
Chloracetine,  557. 
Chloral,  C.HCljO^,  552. 
Chloranile,  596. 
Chloraniluie,  549. 
Chlorate  of  baryta,  277. 

potash,  KG  .  C10„  155. 

action  of  heat  on,  159. 

sulplnuic  acid 
on,  159. 
and  sugar  iuflamed,  160. 
Chlorate  of  potash  burnt  in  coal-gas,  158. 

XDreparation,  155. 
preparation   of  oxygen 
from,  13. 

Chlorates,  157. 

normal  ratio  of,  254. 
Chlorhydrine,  575. 

of  glycol,  559. 
Chloric  acid,  ClOj,  155. 

hydrated,  157. 
ether,  522. 
peroxide,  CIO4, 159. 
Chloride  of  aluminum  and  sodium,  289. 
ammonium,  NH4CI,  113. 
calcium  tube,  73. 
lime,  145. 

constitution  of,  155. 
spontaneous  decomposi- 
tion, 165. 
nitrogen,  166. 

preparation,  166. 
potassium,  solubility  of,  416. 
soda,  155. 
sodium,  416. 
■sulphuryle,  198. 
.        thionyle,  198. 
Chlorine,  CI,  137. 

action  on  ammonia,  113. 

hydrosulphm-icacid,  191. 


Chlorine,  action  on  leaves,  144. 

sal-ammoniac,  167. 
water,  142. 
and  hydrogen,  140. 

exploded  by  sun- 
light, 141. 
exploded  by  spark, 
141. 

atomicity  of,  151. 
bleaching  by,  144. 
chemical  relations  of,  139. 
disinfecting  properties,  145. 
equivalent,  150. 
etymology,  139. 
experiments  with,  139. 
gi-oup  of  elements,  182,  251. 
hydrate,  139. 
liquefied,  139. 
occurrence  in  nature,  137. 
oxides,  153. 

atomic  and  molecular 
formidae  of,  161. 

composition  by  volume, 
161. 

general  review,  161. 
oxidising  action,  144. 
peroxide,  159. 
preparation,  138. 
properties,  139. 
taper  in,  143. 
water,  139. 
Chlorite,  290. 
Chlorites,  161. 
Chlorobenzole,  455. 
Chlorocarbonic  acid,  Cfijdl^,  165. 

atomic  constitution, 
252. 

Chlorochromic  acid,  333. 
Chloroform,  C^HClj,  552. 
Chloronitric  gas,  167. 
Chloronitrous  gas,  167. 
Clilorophosphamide,  239. 
ChlorophyU,  600. 
Chloropicrine,  C2C1,(N0,),  461. 
Chlorosulphiu-ic  acid,  198. 
Chlorous  acid,  CIO3,  160. 
Chocolate,  598. 
Choke-damp,  69. 
Cholesterine,  CjjH^Oj,  631. 
Cholic  acid,  630. 
Choloidic  acid,  630. 
Chondrine,  616. 

Chromates,  normal  ratio  of,  254. 

of  lead,  332. 

of  potash,  332. 
Chrome-alimi,  333. 

Chromc-iron-ore,  FeO  .  Cr^O^,  323,  331. 
.  Clu-ome-yellow,  PbO  .  Cr03,  "332. 
Chromic  acid,  UrOj,  331. 

action  of  hydrochloric  acid 
on,  150. 
Chromium,  Cr,  331. 

action  on  water,  24. 
chlorides,  333. 

compounds,  atomic  formulro,  334. 
diatomic,  334. 

equivalent  and  atomic  weights, 

334. 
oxides,  331. 
oxychloride,  331. 
protoxide,  333. 
sesqmchloride,  333. 
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Chromium  sesquioxide,  Ci-,Oa,  332. 

sesqiiisulphide,  331. 

sulphate,  332. 

terfiuoride,  334. 
Chrysaniline,  457. 
Chi-ysene,  464. 
Chrysobertjl,  292. 
Chrysocolia,  346. 
Chiiruing,  608. 
Chyle,  631. 
Cliyme,  630. 
Cigars,  600. 
Cinchona  bark,  595. 
Cuichonine,  537. 

extraction  of,  595. 

Cinder,  62. 

Cinder-fall  of  blast-furnace,  304. 
CLnder-iron,  306. 
Cinnabar,  HgS,  367. 
Cinnamebie,  472. 
Cinnamic  acid,  CijHjOj,  472. 
Cinnamon,  essential  oil  of,  476. 
Cinnamyle,  hydride,  476. 
Cti-culation  of  blood,  chemistry  of,  631. 
Cisterns,  incrustations  iu,  42. 
Citric  acid,  3H0  .  CuH^Oa,  589. 
CI,  chlorine,  137. 

Clark's  process  for  softening  water,  43. 
Clay,  286. 
Claying  sugar,  498. 
Clay  ironstone,  average  yield,  305. 

kidney  form,  301. 
Clay  ironstones,  301. 
(110,  hypochlorous  acid,  154. 
CIO3,  chlorous  acid,  160. 
C10.„  cMoric  peroxide,  159. 
CIO5,  chloric  acid,  155. 
C10-,  perchloric  acid,  159. 
Clot  of  blood,  612. 
Cloves,  essential  oil  of,  470. 
CjN,  cyanogen,  440. 
CO,  carbonic  oxide,  76. 
CO2,  carbonic  acid,  63. 
C0O3,  oxalic  acid  in  combination,  585. 
Coal,  61. 

ash  of,  63. 

Bathgate,  468. 

bituminous,  63. 

composition  of,  434. 

Boghead,  468. 

brown,  63. 

caking,  63. 

cannel,  451. 

combustion  of,  62. 

composition  of,  63. 

di.stillation  of,  100,  448. 

fomation  of,  61. 

mines,  fire-damp  of,  88. 

pit,  63. 

products  of  combustion,  62. 

distillation,  100. 

stone,  63. 
varieties  of,  63. 
Welsh,  63. 
Coal-gas,  100. 

composition  01,  lui. 
manufacture,  449. 

effect  on  chemistry,  448. 
purification,  450. 

removal  of  bisulphide  of  carbon 
from,  217. 
Coal-naphtha,  treatment  of,  453. 


Coal-tar,  450. 

distillation  of,  452. 
dyes  from,  456. 
Coarse  copper,  339. 
Coarse-metal  (copper),  CuFeS,,  337. 
Cobalt,  Co,  329. 

action  ou  water,  24. 
arseniate,  240. 
bloom,  3CoO  .  AsOj,  240. 
chloride,  330. 

commercial  oxide,  preparation,  329. 
glance,  CoAs,  CoS^,  329. 
oxides,  329. 
phosphate,  329. 
pyrites,  Co^Sj,  330. 
separation  from  nickel,  329. 
s\ilpMdes,  330. 
Cocaine,  538. 
Cocculus  Indicus,  479. 
Cochineal,  604. 
Cocinic  acid,  514. 
Cocoa,  598. 
Cocoa-nut  oil,  580. 
Codeine,  537. 

constitution,  544. 
extraction,  594. 
Cod-Uver  oil,  582. 
Coesium,  273. 

separation  from  potassium,  397. 
Coffee,  composition,  697. 

roasting,  597. 
Coil,  induction,  22. 
Coin-bronze,  342. 
Coke,  62. 

action  of  steam  on,  78. 
composition,  434. 
Colcothar,  201,  322. 
Cold,  greatest  artificial,  130. 
satiu'ated  solution,  47. 
-shortness  in  iron,  315. 
Collodion,  balloons  made,  508. 

cotton,  508. 
Colophene,  469. 
Colophony,  469. 
Coloured  tires,  158. 
Colom-ing-matters,  animal,  604. 

vegetable,  600. 

Columbite,  393. 
Cohunbium,  393. 
Colza-oil,  581. 

Combination  by  volume,  37. 

definition,  1. 
Combined  carbon  in  cast-iron,  307. 
Combining  proportions,  2. 

weights  of  coinpoimds,  9. 
Comlnistibles  and  supporters,  reciprocity  of, 
95. 

Combustion,  acetylene  formed  in,  83. 
definition,  6. 

formation  of  carbonic  acid  in, 
63. 

-furnace,  73. 
in  air,  definition,  5. 
in  confined  air,  67. 
in  oxygen,  8. 
temperature  of,  431. 
Common  salt,  NaCI,  262. 
Composition  and  constitution,  467. 
Compound  and  mixture,  distinction,  19. 

definition,  1. 
Concrete,  415. 
Condenser,  Liebig's,  46. 
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Condurrite,  240. 

Condy's  disinfecting  fluid,  328. 

Couiine,  538. 

constitution,  543. 
Constitution  of  salts,  252. 
Converting  furnace,  316. 
Converting  vessel,  Bessenier's,  314. 
Cooking,  616. 
Copal,  472. 
Copper,  Cu,  335. 

acetylide,  84. 

action  of  nitric  acid  on,  126. 

on  ammonia  and  air,  344. 

on  water,  24. 
alloys  of,  342. 
amalgam,  369. 
ammonio-sulpliate,  345. 
Anglesea,  339. 
arsenite,  245. 
basic  acetate,  563. 

carbonates,  335,  346. 
phosphates,  346. 
best  selected,  337. 
blistered,  338. 
chlorides,  346. 
cleaned,  344. 

compounds,  atomic  formulEe,  348. 
detected  in  lead,  355. 
diatomic,  348. 
dry,  338. 

eflect  of  impurities  on,  340. 

phosphorus  on,  340. 
sea-water  on,  341. 
;  electric  conductivity  of,  340. 
electrotype,  340. 
emerald,  346. 

equivalent  and  atomic  weights,  348. 

extraction  in  laboratory,  339. 

fusing  point,  341. 

glance,  Cu^S,  335. 

hych-ated  oxide,  345. 

hydride,  234. 

Lake  Superior,  340. 

lead  in,  339. 

metallurgy  of,  335. 

moss,  338. 

native,  335. 

nitride,  348. 

ore,  grey,  335. 

red,  335. 

variegated,  335. 
ores,  335. 

fusion  for  coarse  metal,  336. 

white  metal,  336. 

roasting,  335. 

treatment  of,  for  silver,  361. 
overpoled,  338. 
oxide,  CuO,  343. 
oxides,  343. 
oxy chloride,  341,  346. 
peacock,  335. 
pentasulphide,  347. 
phosphide,  236,  348. 
pohng  or  toughening,  338. 
precipitated,  84. 
properties  of,  341. 
pyrites,  CuFeSj,  335. 
quadrant-oxide,  343. 
refining,  33  S. 
rose,  539.  . 
sand,  335. 

separated  from  sih-er,  365. 


Copper  silicates,  346. 

smelting,  composition  of  products 

from,  339. 
smelting,  summary  of,  335. 
smoke,  336. 
Spanish,  340. 
subchloride,  Cii^Cl,  346. 
suboxide,  CujO,  344. 
subsulphide,  Cu^S,  347. 
sulphate,  CuO  .  BO,,  344. 

action  of  heat  on,  210 
in  bread,  494. 
sulphides,  347. 
tinning,  342,  386. 
tough-cake,  339. 
tough-pitch,  338. 
underpoled,  339. 
verdigris,  342. 
vessels  for  cooking,  341. 
with  aluminum,  290. 
Copperas,  FeO.SOa,  323. 

blue,  344. 
Coprolite,  222,  230. 
Coquinibite,  324. 
Coral,  278. 

Coi-pse-light  in  coal-mines,  91. 
Corrosive  sublimate,  HgCl,  370. 

antidote  to,  371. 
antiseptic  properties, 
371. 

^       ,  moleciilarformula,374. 
Corundum,  288. 
Cotton,  465. 

and  wool,  separation  of,  617. 
dissolved  by  ammouio-cupric  solu- 
tions, 344. 
Cr,  chromium,  331. 
Crackers,  detonating,  447 
Cream,  608. 

Cream  of  tartar,  258,  586. 

Creasote,  462. 

Crenic  acid,  628. 

Cress,  essential  oil  of,  479. 

CresyUc  acid,  C.^Ufi^,  462. 

CrOg,  chromic  acid,  331. 

Cr^Og,  sesquioxide  of  chromium,  332. 

Crocus  of,  antimony,  378. 

Crookes'  discovery  of  thallium,  360 

Cross-stone,  180. 

Crotonic  acid,  577. 

Crow-fig,  599. 

Crucibles,  413. 

black  lead,  56. 

graphite,  56. 
Co-yolite,  266. 
Crystalline  lens,  612. 
Crystallisation,  47. 

Crystals  fi-om  the  leaden  chambers,  202. 

CS„,  bisulphide  of  carbon,  215. 

Cu,  copper,  335. 

CuCl,  cupric  chloride,  346. 

CujCl,  cuprous  cliloride,  346. 

Cudbear,  602. 

Cumidhie,  543. 

Cumiuic  acid,  HO.  CjoHnO^  476. 

alcohol,  558. 
Cummin,  essential  oil,  476. 
Cumyle,  476. 

hydride,  476. 
Cumylene,  545. 

diamine,  545. 
CuO,  oxide  of  copper,  343. 
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CuO  .  SOg,  sulphate  of  copper,  344. 

Cupel-fiirnaco,  353. 

Cupellatiou  ou  the  large  scale,  353. 

small  scale,  355. 

Cupric  acid,  344. 

chloride,  CiiCl,  346. 
o.xide,  CuO,  343. 
Cupros-acetylo,  chloride,  84. 

oxide,  84. 
Cuprous  acetylide,  preparation,  83. 
chloride,  Cu^Cl,  346. 

ammoniacal,  346. 
solution,  preparation,  84, 
o.xide,  CujO,  344.  . 
Ciu-arine,  599. 
CurcuiuLne,  602. 
Curd  of  niillc,  608. 
Curing  animal  matters,  635. 
CuiTeut,  electric,  20. 
CuS,  sulphide  of  copper,  347. 
Cyamelide,  442. 
Cyanic  acid,  hydrated,  442. 

ether,  540. 
Cyanide  of  phosphonis,  444. 

potassium,  KCjN,  440. 

commercial,  441. 
from  blast-furnaces, 
441. 

Cyanides  of  alcohol-radicals,  528. 
Cyanine,  601. 
Cyanogen,  C^N,  436. 

chlorides,  443. 

compounds,  436. 

preparation,  440. 

solution,  metamoi-phosis  of,  440 
Cyano-metallic  radicals,  543. 
Cyanm-ic  acid,  443,  618. 
CygFe,  feiTocyanogen,  437. 
Cylinder-charcoal,  57,  420. 
Cymole,  C,„Hi„  465,  471. 

Dadtle,  470. 

hydrochlorate,  470. 
Damaluric  acid,  577. 
Daturine,  538. 
Davy-lamp,  90. 
Dead  head,  387. 
Dead  oil  of  coal-tar,  452. 
Decay,  64. 

Decolorising  by  charcoal,  59. 
Decomposing-ceU,  20. 
Decomposition,  definition,  1. 
Definition  of  acid  salt,  253. 

alcohol,  513. 

atomic  heat,  283. 

basic  salt,  2.53. 

normal  salt,  253. 

salt,  253. 
Deflagrating  collar,  10. 

spoon,  7. 
Deflagration,  88. 
Dehydration,  50. 
Deliquescence,  49. 
Density,  absolute,  422. 

apparent,  422. 
Deodori.sing  by  charcoal,  59. 

chlorine,  146. 
Dephlogisticated  muriatic  acid,  146. 
Derbyshire  spar,  177. 
Desilverising  lead,  352. 
Destructive  distillation,  definition,  .')6. 
Detonating  tube.s,  l.'')7. 


Devitrification,  410. 
Dextrine,  C„H,„0,„,  486. 
Dextrotartarfc  acid,  589. 
Dhil  mastic,  357. 
Diacetine,  563. 
Diacid  diamines,  544. 
Dialj'sis,  104. 
Diamines,  544. 

aromatic,  545. 
Diamond,  53. 

asli  of,  55. 
combustion  of,  54. 
dust,  55. 
glazier's,  55. 
Diamylamine,  542. 
Diaspore,  288. 
Diastase,  488. 
Diathermanous,  216. 
Diatomic  elements,  162. 
Diazoamido-benzole,  459. 
Diohloraniline,  549. 
Dichlorhydriue,  575. 
Didymium,  Di,  293. 
Diet,  regulation  of,  632. 
Diethacetic  acid,  570. 

ether,  669. 
Diethoxalic  acid,  561. 
Diethylamine,  NH{CjH,)„  540. 
Diethyl-diethylene-diamijie,  545. 
Diethylene-diamine,  N^H^iC^HJ,,  545. 

-diammonium,  hydrate  of,  545. 
-diethyl-triamine,  545. 
-trialcohol,  562. 
-triamine,  545. 

-triammonium,  trichloride,  546. 
Diethylzincamine,  562. 
Diffusibility  of  gases,  definition,  27. 

law  of,  29. 
measiu-ement  of,  28. 
rate  of,  28. 
Diffusion-tube,  28. 
Digestion,  629. 

Dimethacetic  (butjric)  ether,  569. 
Dimethoxalic  acid,  561. 
Dimethylamine,  542. 
Dimoi'phous,  55. 
TJinas  fire-hriclcs,  413. 
Diuitraniliue,  649. 
DLnitrobenzoIe,  128. 
Diuitro-diphenylamine,  543. 
Dicenanthylene-diamylamine,  566. 
Dioptase,  346. 
Diphenylamine,  543. 
Diphenyl-ljenzoylamine,  543. 

-diethylene-diamine,  645. 
-guauidino,  646. 
-urea,  620. 
Diplatinaniinc,  399. 
Diplatosamine,  398. 

hydrate,  398. 
hydrochlorate,  398. 
sulphate,  398. 
Direct  combination,  4. 
Discharge  in  calico-printing,  145,  606. 
Disinfectant,  MacDougaH's,  461. 
Disinfecting  by  chloride  of  lime,  146. 
chlorine,  145. 
ferric  chloride,  324. 
nianganates,  327. 
Disinfecting  Huid,  Burnett's,  298. 

Condy's,  327. 
Disintegration  of  rocks,  71. 
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Disodacetic  etlier,  569.  I 
Displacemeut,  collection  of  gas  by,  31. 
Dissociation  of  pentachloride  of  phosplionis, 
238. 

Dissociation  of  sal-animoniac,  271. 

vermUion  vapour,  375. 
Distillation,  45. 

definition  of,  45. 

destructive,  56. 

dry,  56. 

fractional,  452. 
Distilled  siilphur,  420. 
water,  45. 

Ditliionic  (hydrosulphuric)  acid,  SaOj,  213. 

Ditoluylamhie,  543. 

DoegUc  acid,  577. 

Dolomite,  MgO  .  CaO  .  2C0„  280. 

Dough,  493. 

Downcast  shaft,  70. 

Dryers,  581. 

Drying  gases,  49. 

in  vacuo,  207. 

oils,  581. 

over  oil  of  vitriol,  207. 
Ductility  of  copper,  341. 
Dung  as  manui'e,  625. 

-substitute,  246,  268. 
Dutch  liquid,  C.H.Cl^,  86. 

action  of  chlorine  on,  162. 
Dutch  metal  in  chlorine,  140. 
Dyad  elements,  152. 
Dyeing,  604. 

Baethenwaee,  413. 
Earths,  alkaline,  24. 

proper,  285. 
Ebonite,  482. 

Economico-fumace  for  lead-smelting,  351. 

Effervescence,  71. 

Efflorescence,  48. 

Eggs,  614. 

Egg  shells,  65,  614. 

Elaene,  515. 

Elaidic  acid,  674. 

Elaldehyde,  555. 

Elba  iron  ore,  302. 

Electrical  amalgam,  369. 

ElectrogUding,  406. 

Electrolysis,  definition,  21. 

of  hydrochloric  acid,  141. 

of  water,  19. 
Electro-negative  elements,  21. 
Electroplating,  363. 
Electro-positive  elements,  21. 
Element,  defiuitiou,  1. 
Elements,  non-metallic,  general  review,  250. 
Elemi  resin,  472. 
Ellagic  acid,  593. 
Evibolite,  366. 
Emerald,  292. 

of  Limoges,  368. 
Emery,  288. 
Emetics,  587. 
Emetine,  538. 
Empirical  fornmte,  74. 
Bmpu-ical  and  rational  formula,  467. 
Empyreumatic,  470. 
Emulsine,  474. 
Enamel  glass,  411. 
Endosmose,  612. 
English  .sulphuric  acid,  201. 
Epsom  salts,  281. 


Equivalent,  definition,  23. 

forraulai,  36. 

of  a  base  determined,  121. 
of  an  acid  determined,  75. 
Equivalent  volumes  of  the  alcohol-radicals, 
520. 

Equivalent  volvimes  of  the  ethers,  527. 

olefines,  515. 

Equivalents,  table  of,  2. 
Erbium,  293. 
Erucic  acid,  577. 
Erjiihric  acid,  602. 
Erythrite,  603. 
Esculetine,  478. 
Esculine,  478. 
Essence  of  abnonds,  474. 

turpentine,  469. 
Essential  oQs  containing  siilphur,  479. 

extraction  of,  470. 
Ethal,  582. 
Ethalic  acid,  582. 
Ether,  Q^^fi,  517. 

chemical  constitution,  525. 
decomposition  by  heat,  83. 
molecular  formula,  527. 
water-type  view,  627. 
Etheriflcation,  continuous,  617. 

theory  of,  524. 
Ethers,  derivation  from  alcohols,  513. 
double,  525. 
doubled  formulse,  527. 
perfuming  and  flavouring,  553. 
Ethylamiue,  NH„(C,H5),  539,  547. 
Ethylammonia  or  ethylia,  539. 
Ethylaniline,  542. 
Ethylate  of  xiotash,  526. 

soda,  526. 
zinc,  532. 

Ethyl-codeyl-ammonium,  hydrate  of,  514. 
Ethyle,  C,H„  519. 
Ethyle-amyle,  520. 
-butyle,  520. 
cyanide,  528. 
hydride,  521. 
hypothesis,  521. 
iodide,  518. 
kakodyle,  533. 
orthoc.arbonate,  523. 
subcarbonate,  523. 
sulphide,  527. 
Ethylene,  Q.B.^  85. 

bibromide,  544. 

binoxide,  559. 

diamine,  N2Hj(CjHj),  544. 

hexethyl-diphosphonium,  hydi'atc 

of,  548. 
hypothesis,  525. 
Ethylformiate  of  soda,  568. 
Ethylglucose,  499. 
Ethylic  alcohol,  512. 
bromide,  518. 
chloride,  518. 
ether,  617. 
iodide,  518. 
Ethyl-methyl-phenylamino,  642. 
-urea,  620. 
nicotyl-ammoniiim,  hydrate  of,  544.  , 
Etliylo-plataniTnonium,  hydrate  of,  648. 

toluidinc,  5!3. 
Ethylo.x.aniide,  549. 
Ethyl-urea,  619. 
Euclilorine,  160. 
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Eudiometer,  Cavendish's,  33. 

etymology,  33. 

siplion,  3i. 

Uve's,  34. 
Eudiometric  analysis  of  air,  34. 

marsli-gas,  99. 

Eiiodic  acid,  514. 
Euphorbium,  480. 
Eupioue,  465. 
Eiipyrion  matches,  160. 
Evernic  acid,  602. 
E.xcretion,  632. 

Explosion  of  hydrogen  and  oxygen,  32. 

E. xplosions  in  coal-mines,  89. 

F,  FLUOEINE,  177. 
Fagotting,  312. 
Fallowing,  625. 
Fast  colours,  604. 
Fats,  579. 

table  of,  583. 
Fatty  acid  series,  514. 
Fatty  acids,  preparation,  573. 
Fey,  ferrocyauogen,  437. 
Fe,  iron,  300. 

Fe^Clj,  perchloride  of  iron,  324. 
Fe^Fcyj,  Prassian  blue,  436. 
Feldspar,  285. 

potash-,  290. 

soda-,  290. 
Fennel,  essential  oil  of,  476. 
FeO,  protoxide  of  iron,  322. 
FejOj,  peroxide  of  iron,  322. 
Fe30i,  magnetic  oxide  of  iron,  323. 
FeO  .  SOj,  protosulphate  of  iron,  323. 
Fermentation,  64. 

acetons,  492. 
alcoholic,  490. 

aiTested  by  sulphurous  acid, 

&c.,  198,  491. 
production  of  carbonic  acid 

in,  64. 
viscous,  491. 
Ferric  acid,  FeOs,  323. 
chloride,  324. 

molecular  formula,  324. 
vapour  density,  324. 
oxide,  322. 
sulphate,  324. 
Ferricum,  325. 

Ferricyanogen  (ferridcyanogen),  GygFej,  443. 

Ferrocyanates,  437. 

Ferrocyanic  acid,  437. 

Ferrocyanide  of  potassium,  KjCyjEe,  437. 

action  of  svl- 
phuric  acid  on, 
79. 

FeiTOcyanogen,  CyjFe,  437. 
Ferrosofemc  oxide,  323. 
Ferrosum,  325. 
Ferrous  oxide,  322. 

sulphate,  323. 
Fermretted  chyazic  acid,  436. 
FeSj,  iron  pyrites,  185. 
Fibrine,  blood-,  614. 

extracted  from  blood,  612. 

muscle-,  614. 

vegetable,  493. 
Fibroine,  618. 
Fibrous  bar-iron,  312. 
Filtration,  59. 

Finery-cinder,  2FeO.  SiO„  310. 


Fire-bricks,  413. 
Fire-clay,  286. 
Fire-damp,  88. 

conditions  of  inflammation,  89, 
indicator,  89. 
Fire,  white,  composition  for,  249, 
Fires,  blue  flame  in,  77. 

coloured,  158. 
Fish  oils,  572. 

shells,  65. 
Fixing  photogi-aphic  prints,  212. 
Flags,  Yorksliire,  413. 
Flake-white,  377. 
Flame,  analysis  of  by  siphon,  95. 
blowpipe,  98. 
cause  of  luminosity  in,  92. 
definition  of,  8,  92. 
effect  of  atmospheric  pressure  on,  97. 
oxygen  on,  99. 
wire-gauze  on,  90. 
experimental  stiady  of,  93. 
extinction  by  gases,  67. 
extinguished  by  carbonic  acid,  67. 

good  conductors,  90. 

gases  in,  93. 

natui'e  of,  92. 

oxidising,  98. 

reducing,  98. 

relation  of  fuel  to,  97. 

separation  of  carbon  in,  94. 

structure  of,  92. 

supply  of  air  to,  96. 
Flames,  simple  and  compoimd,  92. 

smoky,  97. 
Flask,  to  make  a  thi-ee-neoked,  95. 
Flesh,  615. 

composition  of,  616. 
juice  of,  615. 
Flint,  102. 

and  steel,  102. 
Flints  dissolved,  268. 
Florence  flask,  14. 
Floss-hole,  311. 

Flour,  proximate  analysis  of,  493. 
Flowers  bleached  by  sulphurous  acid,  198. 
Fluoboric  acid,  182. 
Fluorescence,  478,  596. 
Fluoric  acid,  HF,  177. 
Fluoride  of  calcium,  177. 

silicon,  179. 
Fluorides,  179. 
Fluorme,  F,  177. 

attempts  to  isolate,  1 79. 
calculated  specific  gravity  of,  179. 
Fluor-spar,  CaF,  177. 
Flux,  Baume's,  419. 

in  iron  smelting,  304,  306. 
Food,  effect  of,  upon  respiration,  633. 

exportation,  634. 

plastic  constituents  of,  632. 

preservation  of,  635. 

respiratory  constituents  of,  032. 
Forge-iron,  309. 
Formamide,  549. 

Formic  acid,  HO  .  CjHOg,  514,  567. 
Formonitrile,  550. 
Formulic,  atomic,  36. 

calculation  of,  74. 

empirical  and  rational,  467. 

C([uivalent,  36. 

molecular,  51. 
Formylaniine,  hydriod.itc  of,  404. 
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Formyl-diplienyl-diamiue,  545. 
Formyle,  O^H,  520. 

tei'cliloride  of,  552. 
Fouling  of  giuis,  428. 
Foundry-iron,  309. 
Fousel-oil,  511. 
Fowler's  solution,  245. 
Fractional  distillation,  452. 
Frankincense,  480. 
Franklinite,  ZnO  .  Fe^Oj,  323. 
Free-stone,  413. 
Freezing-apparatus,  116. 

in  red-hot  crucible,  197. 

mixtures,  117,  130,  271. 

of  water,  46. 

with  bisulphide  of  carbon,  216. 
French  chalk,  280. 
Friction-tubes,  157. 

composition  for,  157. 
Fructose,  C^.B^fin,  496. 
Fruits,  ripening  otj  627. 
Fuel,  calculation  of  caloriiic  intensity,  432. 

value,  430. 

chemistry  of,  429. 

practical  applications  of,  431. 
Fuels,  composition  of,  434. 

illuminating,  composition  of,  97. 
Fuller's  earth,  286. 
Fulminic  acid,  445. 

Fulminate  of  mercury,  CjHgjNjOj,  444. 

action  of  hydi'ocliloric 

acid  on,  447. 
preparation,  444. 
properties,  445. 
silver,  446. 
Fulminates,  chemical  constitution,  447. 

double,  447. 
Fulminating  gold,  407. 

platinum,  397. 
silver,  364. 
Fumaric  acid,  590. 
Fumigating  with  chlorine,  146. 

sulphurous  acid,  198. 
Fuming  sulphuric  acid,  201. 
Fumitoiy,  590. 
Funnel-tube,  25. 
Fur  in  kettle.s,  40. 
Furfuramide,  568. 
Fm-fm-ine,  568. 
Furfurole,  Ci„H,0„  568. 
Fiimace,  charcoal,  106. 

regenerative,  434. 
reverberatory,  311. 
Sefstrbm's,  321. 
Furnaces,  theory  of,  430. 

waste  of  heat  in,  433. 
Fused  common  salt,  108. 
Fusible  alloy,  299. 
Fusing-points  of  fats,  583. 
Fusion,  105. 
Fustic,  601. 

Fuze,  Armstrong  percussion,  229. 

Gadolinite,  293. 
Galbanum,  480. 
Oalena,  PbS,  349. 
Gallic  acid,  593. 
Gall-nuts,  590. 
Galvanic  battery,  20. 
Galvanised  iron,  294. 
Gamboge,  480. 
Gangue,  306. 


Garaiicine,  602. 

Garlic,  essence,  artificial  production,  480 

essential  oil  of,  479. 
Garnet,  290. 
Gas,  air  vitiated  by,  69. 

-burner,  Bunsen's  rosette,  45. 
ring,  46. 
smokeless,  96. . 
-carbon,  449. 
composition  of,  101. 
-cylinder,  12. 
-holder,  64. 
valuation  of,  96. 
-jar,  14. 

manufacture  of,  449. 
Gaseous  hydi'ocarbons,  analy.sLs  of,  99. 
Gases,  diil^ision  of,  19. 

expansion  by  heat,  427. 

in  waters,  39. 
Gastric  juice,  630. 
Gaultheria,  oil  of,  467. 
Gauze  burner,  96. 
Gaylussite,  278. 
G  edge's  metal,  342. 
Geic  acid,  628. 
Gelatine,  616. 
GeiTuan  silver,  330. 
Germination,  487,  626. 
Geysers,  103. 
GUding,  406. 

porcelain,  412. 
Gin,  511. 

Gl,  glucinum,  292. 
Glass,  409. 

bottle,  410. 

coloured,  410. 

composition  of,  409. 

corrosion  by  hydrofluoric  acid,  478. 

crown,  410. 

decolorised,  410. 

etched,  178. 

flint,  410. 

-gall,  410. 

manufacture  of,  409. 
of  antimony,  382. 
plate,  410. 

plate  perforated,  202. 
-pots,  413. 
silvered,  363. 
window,  409. 
Olauherite,  268. 
Glauber's  salt,  138. 
Glaze  for  earthenware,  413. 
Glazier's  diamond,  55. 
Globuline,  612. 
Glonoine,  597. 
Glucic  acid,  499. 
Glucina,  293. 

separation  from  alumina,  293. 
Glucinum,  Gl,  292. 
Glucose,  CjjHi.O,,,  487. 

artiflcial,  495. 

stearic,  578. 
Glucosides,  476. 
Gluco-tartaric  acid,  578. 
Glue,  617. 
Gluten,  493. 

varieties  of,  494. 
Glutine,  493. 
Glyceric  acid,  561. 

alcohol,  576. 

ether,  576. 
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GlyceriJes,  575. 
Glycerine,  CjHgOj,  576. 

converted  into  glycol,  576. 
extraction  of,  575. 
molecular  formula  of,  562. 
properties,  676. 
soap,  573. 
triatomic,  562. 
Glyceryle,  CJi„  562. 
Glycocholic  acid,  630. 
Glycocoll  (glycocine),  CjHjJJOj,  617. 
Glycogen,  631. 
Glycol,  C,H,0„  558. 

acetobiityrate  of,  562. 
aldehj'de  of,  560. 
binacetate  of,  559. 
chlorliydrine  of,  559. 
converted  into  alcohol,  562. 
nionacetate  of,  562. 
Glycolic  acid,  HO .  C^H.,0„  560. 
Glycols,  558. 
Glycyrrliizine,  500. 
Glyoxal,  560. 
GTieiss,  291. 
Gold,  An,  402. 

an(l  sodium,  hyposulphite,  407. 
assay  by  cupellation,  405. 
coin,  404. 

compounds,  atomic  formuloB  of,  408. 
crucible,  406. 
dissolved,  167. 

equivalent  and  atomic  weights,  408. 

extracted  from  old  silver,  404. 

extraction,  403. 

fulminating,  407. 

identification  of,  126. 

in  chlorine,  140. 

lace  cleaned,  441. 

treatment  of,  405. 
leaf,  405. 
oxides  of,  406. 
physical  properties,  405. 
protocliloride,  AuCl,  407. 
refining,  404. 

removal  of  mercury  from,  368. 
ruby,  227,  406. 

separated  from  silver  and  copper,  207. 

standard,  404. 

specific  gravity  of,  405. 

sulphides  of,  408. 

terchloride,  AuClj,  406. 

testing,  403. 

thread,  406. 

triatomic,  408. 
Goulard's  extract,  563, 
Gradational  relations  of  elements,  182,  275, 
283. 

Grains,  brewers',  489. 
Granaiite,  180. 
Oranite,  285. 

disintegration  of,  286. 
Granitic  rocks,  258. 
Granulated  zinc,  25. 
Grape-husks,  509. 
juice,  509. 

sugar,  C.JIi^O,,,  487. 

composition,  499. 
distinguished  from  cane-sugar, 
495. 

Grapes,  colouring  matter  of,  601. 
Oraphile,  55. 

ash  of,  55. 


Graphite  crucibles,  56. 

in  cast-iron,  55,  307. 
uses  of,  56. 
Grease  removed  from  clothes,  454. 
Green,  arsenical,  245. 

borate  of  chromium,  333. 
Brunswick,  346. 
chrome,  332. 
coloui-  of  plants,  600. 
fire,  composition  for,  158. 
flame  of  baryta,  277. 

boracic  acid,  110. 
copper,  346. 
thallium,  361. 
malachite,  346. 
mineral,  346. 
Einman's,  330. 
salt  of  Magnus,  398. 
vitriol,  323. 
Oi'ey  copper  ore,  335. 
Grey  iron,  308. 

nickel  ore,  330. 
powder,  368. 
Gristle,  616. 
Grotto  del  Cane,  66. 
Grough  saltpetre,  415. 
Groups  of  non-metaUic  elements,  250. 
Grove's  battery,  20. 
Guaiacum  resin,  472. 
Guanidine,  546. 
Ouounite,  282. 
Guano,  621,  625. 
Guelder  rose,  570. 
Gum  Arabic,  482. 
British,  486. 
Senegal,  483. 
tragacanth,  483. 
Gum-resins,  480. 
Gums,  482. 

Gun-cotton,  Ci2H,(N04)30i„,  500. 

atomic  formula,  503. 
compared  -with  gunpowder,  505. 
composition,  603. 
eqiTation  of  explosion,  504. 
in  mining,  506. 

Karolyi's  expeiiments  on,  504. 
manufacture,  501. 

summary  of,  502. 
objections  to,  507. 
preparation  on  the  small  scale, 
501. 

products  of  explosion,  503. 

properties,  606. 

pulp,  Abel's,  506. 

reconversion,  503. 

silicated,  502. 

slow  combustion  of,  506. 

woven,  Lenk's,  606. 
Gun-metal,  342,  386. 
Gun-paper,  500. 
Gunpowder,  415. 

calculation  of  force,  425. 

collection  of  gases  from,  424. 

composition,  variations  in,  481. 

dusting,  422. 

eifect  of  pressure  on  explosion 

of,  428. 
equation  of  explosion,  425. 
examination  of,  423. 
facing,  422. 
glazing,  422. 

granulating  or  corning,  422. 
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Gunpowder,  heat  of  combustion,  426. 

hygroscopic  character,  422. 
incorporation,  421. 
influence  of  size  of  grain,  427. 
manufactm-e,  421. 
meclianical  effect,  427. 
preparation  in  the  laboratory, 

429. 
pres.sing,  422. 
products  of  explosion,  423. 

slow  combustion, 
428. 
properties,  422. 
smoke,  428. 

specific  heat  of  products  from, 
426. 

temperature    of  combustion, 
427. 

volume  of  gas  from,  424. 

white,  158. 
Gutta  percha,  482. 
Gypsum,  279. 

H,  HYDROGEN,  19. 

Hsemateine,  601. 
Hsematine,  613. 
Hcematite,  brow7i,  301. 

red,  FejOg,  301. 
Hajmatosine,  613. 
Hsematoxyline,  601. 
Hair,  617. 
Hair-dye,  357,  365. 
Halogen,  definition  of,  10. 
Halogens,  general  review  of,  182. 
Haloid  salts,  10,  182. 
Hammer-slag,  312. 
Hard  metal,  386. 
Hardness,  degrees  of,  43. 

permanent,  43. 

temporary,  43. 
Hard  water,  40. 
Harrogate  water,  45, 
Hartshorn,  spirit  of,  116. 
Haiismannitc,  Mn304,'  326. 
HBr,  hydrobromic  acid,  169. 
HCl,  hydrochloric  acid,  147. 
HCy,  hydrocyanic  acid,  438. 
Heat  and  temperature,  431. 
atomic,  37. 

rays  separated  from  light,  172,  216. 

relation  to  chemical  attraction,  12. 
Heath's  patent  (steel),  318. 
Heating  of  hayricks,  61. 
Heat  of  combustion  of  hydrocarbons,  430. 
Heat-units,  426. 
Heavy  lead-ore,  PbO^,  357. 

spar,  BaO .  SO3,  275. 
Hemihedral  crystals,  588. 
Hemmiug's  jet,  90. 
Hepatic  waters,  45. 
HP,  hydrofluoric  acid,  177. 
HF.  SiFj,  hydrofluo-silicic  acid,  181. 
Hg,  mercury,  367. 
HgCl,  mercuric  chloride,  370. 
Hg„Cl,  mercurous  chloride,  372. 
HgO,  mercuric  oxide,  369. 
HgjO,  mercurous  oxide,  369. 
HgO,  NO5,  mercuric  nitrate,  370. 
HjO,  NO5,  mercurous  nitrate,  370. 
HgS,  sulphide  of  mercury,  367. 
HgjS,  mercurous  sulphide,  373. 
HI,  hydriodic  acid,  174. 


Hippuric  acid,  H0,C,8H8N0j,  622. 

artificial  formation,  622. 
extraction  from  cow's  urine, 
622. 

HO,  water,  38. 

HOj,  binoxide  of  hydrogen,  50. 
HO  .  A,  acetic  acid,  563. 
3H0  .  Ci^  citric  acid,  589. 
Homogeneous  metal,  319. 
Homologous  series,  459. 
Honey,  496. 

HO  .  NO5,  hydrated  nitric  acid,  123. 
HO .  0,  oxalic  acid,  583. 
Hoofs.  617. 
Hops,  489. 

essential  oil  of,  470. 
Hornblende,  291. 
Horn-lead,  359. 

-silver,  365. 
Horns,  617. 

Horse-chestnut  bark,  478. 

-hair  inflamed  by  nitric  acid,  128. 
-radish,  essential  oil  of,  479. 
HO .  SOj,  hydi-ated  sulphuric  acid,  200. 
2H0  .     tartaric  acid,  586. 
Hot  blast,  theory  of,  432. 

blast  iron,  305. 

saturated  solution,  47. 
HS,  liydi-osuliihuric  acid,  189. 
Humic  acid,  628. 
Humus,  628. 
Hyacinth,  293. 

Hydi-argyrum  cum  creta,  368. 
Hydrated  acids,  50. 

Hydi'ate  of 'lime,  c'aO  .  HO,  49. 

potash,  KO  .  HO,  50. 
Hydrates,  47. 
Hydraulic  cements,  414. 

main,  449. 
Hydrides  of  alcohol-radicals,  521. 
Hydriodate  of  potash,  176. 
Hydriodic  acid,  HI,  174. 

composition  by  volume,  175. 
gas,  preparation,  175. 
reducing  properties,  175. 
solution,  preparation,  175. 
ether,  518. 
Hydrohoradte,  282. 
Hydrobromic  acid,  HBr,  169. 

composition  by  volume, 
170. 
ether,  518. 
Hydrocarbons,  82. 

heat  of  combustion  of,  430. 
turpentine-series,  470. 
Hydrochloric  acid,  HCl,  160. 

absorption  by  water,  147. 
action  of  heat  on,  148. 
action  on  metallic  oxides, 
150. 

action  on  metals,  149. 

nitric  acid,  167. 
plants,  149. 
analysis  of,  150. 
atomic  constitution,  151. 
composition  by  volimie, 
150. 

decomposed  by  the  bat- 
tery, 131. 
equivalent,  150. 
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Hyilrocliloric  acid  from  alknli-works,  148. 

gas,  preparation  of,  117. 
liquid,  149. 

molecular  formula,  151. 

properties,  147. 

pure,  preparation  of,  148. 

synthesis  of,  140. 

valuation  of,  148. 

yellow,  148. 
Hydrochloric  ether,  518. 

gas,  cby,  preparation,  148. 
Hydrocyanic  acid,  HC^N,  438. 

anhydrous,  439. 

Liebig's  test  for,  442. 
ether,  528. 
Hydrocyan-rosaniline,  458. 
Hydroferricyanic  acid,  H^CygFe^,  443. 
Hydroferrocyanic  acid,  H^CyjFe,  437. 
Hydrofluoboric  acid,  182. 
Hydi-oliuoric  acid,  HF,  177. 

action  on  metals,  178. 

silica,  178. 

calculated  specific  gravity, 
179. 

composition,  179. 
gas,  178. 

Hydrofluo-sUicio  acid,  HF .  SiF^,  181. 

decomposed  by  heat, 
181. 

Hydrogen,  H,  19. 

and  arsenic,  246. 

carbon,  82. 

sulphur,  190. 
binoxide,  50. 

calorific  intensity  calculated,  432. 

value,  31,  430. 
chemical  properties,  30. 

relations,  38. 
determination,  in  gases,  35. 
displaced  by  sodium,  23. 
etymology  of,  30. 
experiments  with,  27. 
flame,  31. 

identification  of,  21. 
natural  sources,  19. 
peroxide,  50. 
persulphide,  195. 
phosphides,  235. 
physical  properties,  26. 
poured  up  through  air,  27. 
preparation  with  iron,  24. 

zinc,  25. 

selenietted,  219. 
sulphuretted,  189. 
Hydrokinone,  696. 
Hydronitroprussic  acid,  444. 
Hydroselenic  acid,  HSe,  220. 
Hydrosulphocarbonic  acid,  217. 
Hydrosulphocyanic  acid,  HCySj,  442. 
Hydrosuljjhuric  acid,  HS,  189. 

action  on  iodine,  175. 
metallic  chlorides,  193. 

oxides,  192. 
solutions  of  metids,  193. 
sulphurous  acid,  214. 
composition,  194. 
disjwsal  of,  191. 
liquefied,  195. 
molecular  formida,  194. 
preparation,  190. 
production  in  waters,  211. 
solution  of,  191. 


Hydrosulphuric  acid,  test  for,  192. 

xise  in  analysiB,'193. 
ether,  527. 
Hydrotelhu-ic  acid,  HTe,  221. 
Hydroxylamine,  NH^O^,  127,  522. 
Hyoscyamine,  538. 
Hypobronious  acid,  169. 
Hypochlorite  of  lime,  CaO  .  CIO,  145. 
Hj'pochlorous  acid,  CIO,  154. 

action  on  sal-ammoniac, 
167. 

Hypogeic  acid,  577. 
Hyponitric  acid,  134. 
Hyponitrous  acid,  132. 
Hypophosphites,  234. 
Hypophosphorous  acid,  PC,  234. 
Hyposulphates,  214. 
Hyposvdphindigotic  acid,  604. 
Hyposulphite  of  soda,  NaO  .  S^O^,  213. 

and  perchloride  of  iron, 
214. 

decomposed  by  acids, 
213. 

decomposed  by  heat,  213. 

Hj'posulphites,  211. 

constitution  of,  213. 
Hj'posulphuric  (dithionic)  acid,  Bfi^,  213. 
Hyposidphurous  acid,  S^Oj,  211. 

formed  from  sulphur- 
ous acid,  213. 

I,  IODINE,  170. 
Ice,  46. 

Iceland  spar,  CaO  .  COj,  278. 
lUumiuating  gas  from  water,  78. 
Imides,  550. 

constitution  of,  551 . 
Imidogen,  NH,  550. 
Incorporating  mill,  421. 
Incrustation  on  charcoal,  99. 
Incrustations  in  boilers,  41. 
Indian  fire,  249. 
Indican,  603. 
Indifferent  oxides,  11. 
Indigo,  action  of  chlorine  on,  144. 

blue,  CisHjNOs,  603. 

copper,  CuS,  347. 

red,  603. 

reduced,  603. 

vat,  preparation,  604. 

white,  C,„H„N02,  603. 
Indigotine,  604. 
Indium,  299. 

oxide,  299. 
Induction  coil,  22. 

tube,  Siemens',  16. 

Ink,  591. 

blue,  438. 

from  logwood,  601. 

red,  601. 

stains  removed,  164. 

vanadium,  393. 
Inorganic  substances,  definition,  3. 
Inosite,  C,jH,j0,j,  615. 
Instantaneous  light,  395. 
Intensity  and  quantity,  electric,  21. 
Introduction,  1. 
Intumescence,  267. 
lodates,  174. 
Iodic  acid,  TOj,  173. 
Iodide  of  nitrogen,  1 76. 

potassium,  170. 
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Iddide  of  silver,  Agl,  366. 
Iodine,  I,  170. 

action  on  ammonia,  176. 

potash,  172. 
and  starch,  172. 
bromides,  176. 
chloride,  ICl,  176. 
etymology  of,  171. 
extraction  from  sea-weed,  171. 
identified,  172. 
oxides,  173. 
terchloride,  IClj,  176. 
test  for,  172. 
tincture  of,  172. 
Iodised  starch  paper,  15. 
Iodoform,  553. 
■  Iridium,  Ir,  401. 

ammoniochloride,  401. 
-black,  401. 
chlorides,  402. 
oxides,  401. 
Iron,  Fe,  300. 

action  of  acids  on,  322. 

au'  of  towns  on,  294. 
hydrochloride  acid  on,  149. 
on  water,  24. 
amalgam,  369. 
and  carbon,  307. 
and  oxygen,  10. 

and  potassium,  ferrocyanide,  438. 
bar-,  312. 

basic  persulphate,  200. 
bisulphide,  302. 
black  oxide,  323. 
bright,  308. 

burnt  in  bisulphide  of  carbon  flame, 

216. 
carbonate,  397. 
cast,  307. 

chemical  properties,  231. 
clilorides,  atomic  formulce,  324. 
cold  short,  315. 
cyanide,  FeC^N,  438. 
diatomic,  324. 

equivalent  and  atomic  weights,  324. 

extraction  in  the  laboratory,  321. 

feri'icyanide,  443. 

fibre  in,  315. 

galvanised,  294. 

glance,  302. 

grey,  308. 

group  of  metals,  general  review,  334. 
homogeneous,  319. 
in  blood,  612. 
in  zinc,  297. 
iodide,  176. 

magnetic  oxide,  323. 
metallurgy,  302. 
mottled,  308. 
-mould,  322,  591. 
occurrence  in  nature,  300. 
of  antiquity,  320. 
ores,  300. 

British,  composition,  301. 

calcining  or  roasting,  303. 
oxides,  322. 

atomic  formiilns,  324. 
passive  state  of,  322. 
perchloride,  Fe^Cl,,  324. 
peroxide,  Fe.O,,  322. 

action    of  hydrosulphuric 
acid  on,  193. 


Iron  persulphate,  FeA .  SSO,,  324. 
phosphates,  324. 
phosphorus  in,  315. 
plates  cleansed,  385. 
protochloride,  324. 
proto-sesquioxide,  323. 
proto-salphate,  323. 

uses,  323. 
protoxide,  FeO,  10,  322. 
priissiate,  436.  ' 
pure,  preparation  of,  321. 
piirification,  309. 
pyrites,  FeS^,  185,  302. 
pyrophoric,  11,  80. 
red  oxide,  322. 
red  short,  315. 
reiining,  310. 
rust,  ammonia  in,  121. 
rusting  of,  322. 
saiid,  302. 
scales,  312. 
scurf,  413. 

separation  from  manganese,  328. 
sesqiiicliloride,  324. 
sesquiferrocyanide,  438. 
sesqui-iodide,  177. 
sesquioxide,  11. 
sesquisulphate,  324. 
smelting,  English  method,  303. 
specular,  406. 
steely,  315. 

sulphate,  action  of  heat  on,  210. 

nitric  acid  on,  131. 
sulphide,  preparation,  190. 
sulphuret,  190. 
sulphur  in,  315. 
tincture  of,  324. 
tinned,  385. 
triatomic,  325. 
useful  properties  of,  302. 
variation  in  strength  of,  315. 
white,  308. 

wire,  composition,  313. 
works  of  the  Pyrenees,  321. 
wrought  or  bar,  composition,  313. 

direct  extraction,  320. 

manufactui'e,  309. 

Iserine,  391. 
Isethiouic  acid,  631. 
Isinglass,  617. 
Isocumole,  450. 
Isodimorphism,  379. 

of  antimonious  oxide  and 
arsenious  acid,  251. 

Isomerism,  467. 

explanation  of,  463. 
Isomorphism,  251. 
Isoprene,  481. 
Isotartaric  acid,  587. 
Isoterebeuthene,  469. 
Ivory-black,  59. 

Jatrophine,  486. 
Jellies,  fruit,  627. 
Jelly,  617. 

Jet  for  burning  gases,  31. 
Jeweller's  rouge,  322. 
Juice  of  sugar-cane,  497. 
Juniper,  essential  oil  of,  470. 

K,  POTASSIUM,  25S. 
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Kakodyle,  CjH,As,  529. 

chemical  constitution  of,  530. 

chloride,  529. 

cyanide,  530. 

oxide,  529. 

series,  529. 
Kakodylic  acid,  530. 
Kaolin,  286. 
Kapnonior,  465. 

Karolyi's  e-x-periments  on  gunpowder,  424. 

KCl,  chloride  of  potassium,  261. 

KCl,  PtClj,  platinocldoride  of  potassiiim,  397. 

KCy,  cyanide  of  potassium,  440. 

KCySj,  sulphocyanide  of  potassium,  442. 

Kelp,  170. 

Kermes  mineral,  382. 
Kernel  roasting,  347. 
Ketones,  557. 

KjFcy,  feiTocyanide  of  potassium,  437. 
KjFdcy,  ferricyanide  of  potassium,  443. 
KI,  iodide  of  potassium,  176. 
Kid,  592. 

King's  yellow,  249. 
Kioic  acid,  596. 
Kino,  594. 

Kinone,  C.jH^Oj,  596. 
Borsch  wasser,  511. 
Kish,  55. 
Klumene,  83. 
KO,  potash,  259. 

KO .  ClOj,  chlorate  of  potash,  155. 

KO .  CO2,  carbonate  of  potash,  258. 

KO .  CrOj,  chromate  of  potash,  332. 

KO  .  2Cr03,  bichromate  of  potash,  331. 

KO .  CyO,  cyanate  of  potash,  442. 

KO  .  HO,  caustic  potash,  259. 

KO  .  HO  .  2CO2,  bicarbonate  of  potash,  261. 

KO .  HO  .  2SO3,  bisnlphate  of  potash,  210. 

Kola  nut,  597. 

KO .  Mn^O-,  permanganate  of  potash,  327. 

KO .  NO,,  saltpetre  or  nitre,  415. 

KO  .  SbOj,  antimoniate  of  potash,  380. 

KO.  SbOa.f ,  tartar-emetic,  587. 
Koumiss,  609. 
Kreasote,  460,  635. 
Kreatine,  CsHgNjO,,,  615. 

extraction  from  flesh,  615. 
Kreatinine,  CsH^N^O^,  615. 
Kresyle,  462. 

Kresylic  acid,  C,,HgO„  462. 
Krupp's  steel,  320. 
Kryolite,  3NaF.  Al^Fj,  179. 
KS,  sulphide  of  potassium,  262. 
Kupfemickel,  Ni^As,  330. 
Kyanisiug  wood,  628. 

lu\.c,  604. 

seed,  472. 

stick,  472. 
Lacquer,  472. 
Lacquering,  343. 
Lactarine,  610. 

Uctic  acid,  HO  .  0„H,05,  561,  608. 

converted  into  butyric,  569. 

propionic,  609. 
preparation,  608. 
anhydride,  CnHjOj,  609. 
fermentation,  608. 
series  of  acids,  660. 
Lactide,  609. 
Lactine,  C„H,,0,„  610. 
Lactometer,  611. 


Lasvotartaric  acid,  589. 
La^unes,  boracic,  109. 
Lakes,  alumina,  288. 
Lamp,  action  explained,  93. 

-black,  56. 

without  flame,  395. 
Lanarkite,  359. 
Lanthanium,  La,  293. 
Lapis  lazuli,  291. 
Lard,  582. 
Laughing  gas,  130. 
Laurel  water,  439,  475. 
Laurent's  doctrine  of  substitution,  463. 

nomenclature,  463. 
Lam-ic  acid,  514. 

alcohol,  512. 
Laurite,  401. 

Law  of  multiple  proportions,  135. 
Lead,  Pb,  348. 

acetate,  PbO  .  C.HjOj,  663. 

action  of  acids  on,  355. 

sulphuric  acid  on,  205. 
on  water,  24,  44. 

amalgam,  369. 

argentiferous,  352. 

basic  carbonate,  356. 
chromate,  332. 

binoxide,  357. 

calcining,  351. 

carbonate,  native,  359. 

chloride,  PbCl,  359. 

chlorosulphide,  360. 

chromate,  PbO  .  CrOj,  332. 

colic,  358. 

compoimds,  atomic  formulEe,  360. 
diatomic,  360. 
dichromate,  332. 

equivalent  and  atomic  weights,  360. 
extraction  in  the  laboratory,  354. 
fusing  point  of,  348. 
-glazed  earthenware,  412. 
hard,  351. 

hydrated  oxide,  357. 
improving  process,  351. 
in  cider,  &c.,  356. 
iodide,  Pbl,  173,  360. 
malate,  590. 

metallurgic  chemistry,  349. 
molybdate,  393. 
native,  349. 
ores,  349. 

oxide,  iise  of,  in  glass,  410. 

oxides,  356. 

oxychloride,  359. 

peroxide,  PbOj,  357. 

phosphate,  359. 

plaster,  576. 

protoxide,  PbO,  356. 

pyrophorus,  356. 

selenide,  360. 

smelting,  349. 

Spanish,  351. 

specific  gi-avity,  348. 

sulphate,  PbO  .  SO,,  349,  359. 

sulphides,  360. 

tartrate,  preparation,  356. 

tribasic  acetate,  563. 

uses,  365. 

vanadiate,  393. 
Lead-vitriol,  PbO.  SOj,  359. 
Leaden  cisterns,  danger,  44. 

coflins,  corrosion,  356. 
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Leadhillite,  359. 
Leather,  591. 
Leaven,  494. 

Leaves,  formation  of,  626. 
Lecanoric  acid,  602. 
Leeks,  essential  oil  of,  479. 
Legumine,  610. 
Lemery's  volcano,  189. 
Lemons,  essential  oil  of,  470. 
Lepargylic  acid,  580. 
Lepidolite,  272. 
Leucaniline,  457. 

triphenylic,  458. 
Leucic  acid,  HO  .  C„H,iO„  560. 
Leucine,  Ci^HigNO^,  617. 
Leucone,  108,  166. 
Li,  lithium,  272. 
Libethenite,  346. 

Lichens,  colouring  matter  from,  602. 
Liebig's  condenser,  46. 
Life,  its  extremes  meet,  635. 
Light,  action  on  chloride  of  silver,  205. 

-rays  separated  from  heat,  172,  216. 
Light  carburetted  hydrogen,  88. 

oil  of  coal-tar,  452. 
Lignine,  464. 
Lignite,  63. 

composition,  434. 
Lime,  CaO,  278. 

action  on  soils,  625. 

agricultural  uses,  625. 

bicarbonate,  41. 

btmalate,  590. 

burning,  278. 

carbonate,  CaO .  COj,  278. 

in  waters,  41. 

fat,  279. 

hydi'ate,  CaO  .  HO,  278. 

hypochlorite,  145. 

hyposulphite,  195. 

kihis,  278. 

-Ught,  37. 

lactate,  608. 

overbumt,  279. 

oxalate,  CaO  .  Cfizj  ^85. 

platinate,  396. 

poor,  279. 

pixrifier,  450. 

■stone,  CaO .  CO,,  278. 

sulphate,  CaO  .  SO3,  279. 

superphosphate,  223. 

test  for,  585. 

water,  279. 
Linen,  465. 
Linoleic  acid,  581. 
Linseed,  483. 

oil,  581. 

boiled,  581. 
Lipic  acid,  580. 

Liquation  of  argentiferous  copper,  361. 
Liquor  ammoniee,  113. 

sanguinis,  composition,  613. 
Liquorice  root,  500. 
Litharge,  PbO,  356. 
Lithia,  272. 

carbonate,  272. 

-mica,  272. 

phosphate,  272. 
Lithic  (uric  acid),  621. 
Litliium,  Li,  272. 

blowpipe  test  for,  272. 
equivalent  weight,  276. 


Litmus,  602. 

commercial,  603. 

paper,  5. 
Loadstone,  FcjOj,  11,  302. 
Loam,  286. 
Logwood,  601. 

Looking-glasses  silvered,  368. 
Lucifer  matches,  157,  228. 

tipped  with  sulphur,  225. 
Luminosity  of  flames,  92. 
Lunar  caustic,  364. 
LupuUne,  489. 
Luteoliue,  601. 
Luting  for  crucibles,  295. 

iron  joints,  189. 

MacDougall's  disinfectant,  61. 

Madder,  601. 

Magenta,  456. 

Magic  lantern,  oil  for,  471. 

Magnesia,  MgO,  280. 

ammonio-phosphate,  282. 

arsenite,  244. 

borate,  282. 

calcined,  282. 

carbonate,  281. 

citrate,  590. 

hydi-ate,  282. 

hydraulic,  282. 

medicinal,  281. 

phosphate,  282. 

silicates,  280. 

sulphate,  MgO .  SOj,  281. 
Magnesian  limestone,  280. 

for  building,  414. 

Magnesite,  280. 
Magnesium,  Mg,  280. 

action  on  water,  24. 
chloride,  108,  282. 

extraction  from  sea- 
water,  263. 
diatomic,  285. 

equivalent  and  atomic  weights, 
283. 

extraction,  281 

nitride,  280. 

properties,  280. 

sUicide,  108. 
Magnet-ftize  composition,  348. 
Magnetic  iron  ore,  FcjOj,  302. 
Magnus'  green  salt,  398. 
Malachite,  335. 
Mala3ic  acid,  590. 
Malamide,  590. 

MaHc  acid,  2H0.  CjHjOs,  590. 

converted  into  acetic,  590. 

succinic,  590. 

extracted  from  rhubarb,  590. 

formed  firom  succinic,  588. 

tartaric,  588. 
Malleability  of  copper,  341. 
Malleable  cast  iron,  319. 
Malonic  acid,  680. 
Malt  dust,  488. 

high  di-ied,  491. 
Malting,  487. 
Manganate  of  potash,  326. 
Manganese,  Mn,  325. 

action  on  water,  24. 

alum,  326. 

binoxide,  action  of  sulphuric 
acid  on,  210. 
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Manganese,  black,  325. 

carbonate,  326. 
chlorides,  328. 
diatomic,  328. 

equivalent  and  atomic  weights, 
328. 

hydrated  peroxide,  325. 

oxides,  325. 

peroxide,  325. 

protoxide,  MuO,  326. 

recoveiy  from  chlorine  residues, 
328. 

red  oxide,  325. 

separation  from  iron,  328. 

sesquioxide,  MnjOj,  326. 

spar,  MnO .  CO^,  326. 

sulphate,  MnO .  SOj,  326. 

test  for,  326. 
Manganic  acid,  MuOj,  326. 
Manganite,  MnjOj .  HO,  326. 
Manna,  500. 
Mannitane,  578. 
Mannite,  C^Sifi^,  500. 

glycerides,  578. 
glycerine,  578. 
stearine,  578. 
Mantle  of  flame,  94. 
Manures,  62i. 
Manuring,  624. 
Maraschino,  511. 
Marble,  278. 
Margaric  acid,  514,  580. 
Margarine,  573. 
Marine  glue,  481. 
Marldng-ink,  365. 
Marl,  286. 

Marsh-gas,  C^H^,  88. 

and  chlorine,  144. 
composition  by  volume,  100. 
eudiometric  analysis,  99. 
identified,  88. 
molecular  formula,  83. 
preparation,  88. 
series,  C2„H2»  +  2,  521. 
Marsh-mallow,  483. 
Marsh's  test  for  arsenic,  247. 
Mascagnine,  NH^O  .  SO3,  269. 
Massicot,  PbO,  356. 
Matches,  157. 

eupyrion,  160. 
lucifer,  228. 
safety,  228. 
silent,  228. 
vesta,  160. 

without  phosphorus,  228. 
Matt,  337. 

Matter,  definition  of,  1. 

Mauve,  456. 

Mauveine,  456. 

Meadow-sweet,  oil  of,  476. 

Meal  powder,  422. 

Meconic  acid,  3H0.C„H0n,  595. 

Meerschaum,  280. 

MelanOine,  546. 

Melissene,  515. 

Melissic  acid,  514. 

alcohol,  512. 
Meli.ssine,  583. 
Menachanite,  391. 
Mendijtile,  PbCl .  2Pb0,  359. 
Menthene,  471. 
Mercaptan,  527. 


Mercaptide  of  mercury,  528. 
Merchant  bar  iron,  312. 
Mercuramine,  370. 
Mercuric  ethide.  Eg.  C,Hj,  634. 

iodide,  Hgl,  373. 

methide,  534. 

nitrate,  HgO  .  NO,,  370. 

sulphate,  HgO  .  SO3,  370. 
Mercuricum,  375. 
Mercurosum,  375. 
Mercurous  iodide,  HgJ,  372. 

nitrate,  Hg^O  .  NO,,  370. 
sulphate,  Hg.O.SOa,  370. 
Mercury,  Hg,  367. 

action  of  hydrosulphuric  acid  on, 
192. 

ammoniated  oxide,  369. 

subchloride,  371. 
bichloride  or  perchloride,  370. 
black  oxide,  Hg^O,  369. 
chloride,  HgCl,  370. 
chlorosulphide,  373. 
compounds,  molecular  formulas, 
375. 

cyanide,  HgCaN,  439. 
diatomic,  375. 

equivalent  and  atomic  weights, 
373. 

extraction  from  its  ores,  367. 
frozen  by  liquid  sulphurous  acid, 
197. 

fulminate,  Hg^C.N^O,,  444. 
iodide,  173. 
metallurgy  of,  367. 
nitrate,  HgO .  NO,,  370. 
nitric  oxide  of,  369. 
nitride,  370. 
oxides,  369. 

protochloride,  Hg^Cl,  372. 

protonitrate,  Hg^O .  NO5,  370. 

prussiate,  436. 

red  oxide,  HgO,  369. 

stains  removed  from  gold,  368. 

subsulphide,  373. 

sulphate,  370. 

sulphide,  367. 

uses  of,  368. 

volatility  of,  368. 

yellow  oxide,  HgO,  369. 
Metacetone,  557. 
Metacetonic  (propyUc)  acid,  514. 
Metal,  definition,  11. 
Metalamides,  551. 
Metaldehyde,  555. 

Metallic  oxides,  action  of  hydrochloric  acid 

on,  150. 
Metallurgy  of  copper,  335. 

iron,  302. 

lead,  349. 

tin,  383. 

zinc,  295. 

Metals,  action  of  hydrochloric  acid  on,  149. 

hydrosidphuric  acid  on, 
192. 

oxygen-acids  on,  126. 

sulphuric  acid  on,  207. 
on  water,  23. 
burnt  in  sulphur  vapour,  189. 
chemistry  of,  258. 
classification  of,  23. 
iron  group,  general  review,  334. 
noble,  24. 
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Metals,  of  the  alkalies,  general  review,  274. 
of  tlie  allialine  earths,  282. 
of  the  earths  proper,  285. 
platinum  gi'oup,  402. 
relations  to  oxygen,  8, 
Metal-slag  (copper),  338. 
Metameric,  467. 
Metantimonic  acid,  380. 
Metaphosphates,  normal  ratio  of,  254. 
Metaphosphoric  acid,  HO  .  POj,  231. 
Metastannic  acid,  SnjO,„,  388. 
Jletastyrole,  472. 
Metatartaric  acid,  587. 
Metaterebenthene,  469. 
Meteoric  iron,  300. 
Methyl-acetyle,  557. 
Methylamine,  542,  547. 
Methylaniline,  542. 
Methylated  spirit,  473. 
Methyle,  G^Hj,  466. 

-caproyle,  520. 

iodide,  467. 

oxide,  466. 

-phenylamiue,  542. 

prepared  from  acetic  anhydride  ,565. 

salicylate,  467. 

series,  467. 

-theobromine,  599. 

-valeryle,  557. 
Methylene,  515. 
Methylethylamine,  542. 
MethylethylamylophenyUum,  hydrate  of, 
542. 

Methylethylaniline,  542. 
MethylethyUc  ether,  526. 
Methylmorphylammonium,  hydrate  of,  544. 
Methylic  acetate,  466. 

alcohol,  C,H,0„  466,  512. 

formiate,  467. 

hydrate,  466. 
Mg,  magnesium,  280. 
MgO,  magnesia,  280. 
MgO  .  SO3,  sulphate  of  magnesia,  281. 
Mica,  285,  290. 
Microcosniic  salt,  232. 
Mild  alkali,  9. 
Milk,  608. 

adulteration,  611. 
coagvdation  of,  60S. 
composition  of,  611. 
Mill-cake,  422. 

furnace,  312. 
Millstone  grit,  413. 
Mimotannic  acid,  594. 
Mine  uxm,  306. 
Mineral  alkali,  definition,  8. 

gieen,  346. 

silicates,  290. 

waters,  45. 

yeUow,  359. 
Mines,  ventilation,  70. 
Minium,  Pb^Oj,  357. 
Mirbane,  essence  of,  128. 
Mirrors,  manufacture,  368. 
Mispickel,  FeSj .  FeAs,  240. 
Mixture  and  compound,  distinction,  19. 
Mn,  Biangunese,  325. 
MnOj,  peroxide  of  manganese,  325. 
Moirg  motallique,  387. 
Molasses,  496. 

Molecidar  formula  of  acetylene,  83. 

aiiinionia,  120. 


Molecular  formula  of  arsenietted  hydrogen, 
247. 

arsenious  acid,  244. 
bisulphide  of  carbon, 

218, 
calomel,  374. 
carbonic  acid,  82. 

oxide,  82. 
chloride  of  aluminum, 

292. 

chloride  of  silicon,  165. 
corrosive  sublimate, 
374. 

dichloride  of  sulphur, 
219. 

ferric  chloride,  52. 
glyceiine,  562. 
hydrochloric  acid,  151. 
hydrogen,  52. 
hydrosulphuric  acid, 

194. 
marsh-gas,  83. 
nitric  acid,  129. 

anhydride,  130. 
oil  of  vitriol,  209. 
olefiant  gas,  83. 
oxygen,  62. 
phosphuretted  hydro- 
gen, 237. 
stannic  chloride,  390. 
sulphurous  acid,  199. 
vermilion,  375. 
water,  52. 
Molecular  formulse,  51. 

of  alcohols,  558. 

chlorides  of  carbon, 
164. 

ether  and  alcohol,  527. 
mercury  compounds, 
376. 

oxides  of  chlorine,  161. 
oxides  of  nitrogen, 
137. 

Moleciilar  volumes  of  alcohol-radicals,  520. 

olefines,  5]  5. 

weight,  52. 
Molecule,  definition,  52. 

of  water,  52. 
Molecules,  51. 
Molybdate  of  lead,  393. 
Molyhdena,  MoS^,  392. 
Molybdenum,  Mo,  392. 

bisulphide,  392. 

blue  ovide,  393. 

chlorides,  393. 

metaUic,  393. 

oxides,  393. 

sulphides,  393. 
Molybdio  acid,  M0O3,  393. 

dialysed,  393. 
ochre,  393. 
Monacetine,  563. 
Moua  copper,  339. 
Monad  elements,  152. 
Monamines,  539. 
Monatomic  elements,  152. 
i\Ionkshood,  589. 

Monobasic  acids,  constitution  of,  255. 
Monophospliamide,  239. 
Monostearine,  575. 
Mordants,  605. 
Moringic  acid,  577. 
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Moritannic  acid,  601. 
Morocco  leather,  592. 
Morphine,  OjjH,aNO„,  537. 

characters  of,  595. 

coustitution,  544. 

e-xtraction,  594. 

hydrochlorate,  595. 
Mortar  for  building,  414. 
Mosaic  gold,  390. 
Mountain  ash  berries,  590. 
Mucic  acid,  483. 
Mucilage,  483. 
Mucus,  618. 
Muffle,  355. 

Mulberry  calculus,  584. 

Multiple  proportions,  law  of,  135. 

Mundic,  FeSj,  302. 

Mimtz-metal,  341. 

Miu-e.xide,  621. 

Muriate  of  morphia,  595. 

Muriatic  acid,  147. 

Muscle  formed  from  food,  629. 

Mushrooms,  500. 

Muslin,  uninflammable,  269,  392. 

Mustard,  essential  oU  of,  479. 

artificial  production,  479. 

Myricine,  583. 
Myristic  acid,  514. 
Myronic  acid,  479. 
Myrosine,  479. 
Myrrh,  480. 

N,  NITROGEN,  112. 

Na,  sodium,  262. 
NaCl,  common  salt,  262. 
Nails,  617. 
NaO,  soda,  266. 
NaO .  2BO3,  borax,  109,  267. 
NaO .  CO2,  carbonate  of  soda,  264. 
NaO .  HO,  caustic  soda,  266. 
NaO  .  HO  .  2CO2,  bicarbonate  of  soda,  266. 
2NaO  .  HO  .  PO5,  phosphate  of  soda,  232, 
268. 

NaO  .  NO5,  nitrate  of  soda,  415. 
NaO .  SO3,  sidphate  of  soda,  268. 
NaO  .  SjOj,  hyposulphite  of  soda,  211. 
NaO  .  WO3,  tungstate  of  soda,  392. 
Naphtha,  coal,  452. 

wood,  466. 
Naphthalic  acid,  464. 
Naphthaline,  C^oH,,  462. 

chlorides,  463. 

chlorine  substitution-products 

from,  463. 
nitro  -  substitution  -  products 
from,  464. 
Naphthalising,  95. 
Naples  yellow,  380. 
Narcotine,  537. 

extraction,  595. 
Nardic  acid,  514. 
Negative  pole,  20. 
Nessler's  test  for  ammonia,  373. 
Nettles,  acid  of,  567. 
Neutralis.ation,  definition,  9. 
Neutrality  of  constitution,  253. 
NH3,  ammonia,  113. 
NH„  ammonium,  269. 
NH4CI,  chloride  of  ammonium  or  sal-am- 
moniac, 114. 
NH^Cl,  PtCl,,  ammonio-chloride  of  plati- 
num, 394. 


NH3,  HCl,  sal-ammoniac,  114. 
NHjO,  oxide  of  ammonium,  269. 
NH4O .  COj,  carbonate  of  ammonia,  270. 
2NHiO .  3C0j,  sesquicarbonate  of  ammonia, 
269.  _ 

NH40 .  0,  oxalate  of  ammonia,  586. 
NH4O  .  SO3,  sulphate  of  ammonia,  269. 
NHjS,  sulphide  of  ammonium,  271. 
Ni,  nickel,  330. 
Nickel,  Ni,  330. 

action  on  water,  24. 

arsenical,  NiAs,  330. 

arsenio-sulphide,  330. 

glance,  NiAs,  NiS^,  330. 

oxides,  330. 

sulphate,  330. 

sulphides,  331. 
Nicotine,  Ci„H,N,  538. 

constitution,  544. 
extraction,  599. 
properties,  600. 
Nil  album,  295. 
Niobic  acid,  NbOj,  393. 
Niobium,  Nb,  393. 
Nipper-tap,  142. 
Nitraniline,  549. 

Nitrate  of  potash,  action  of  heat  on,  133. 

solubility,  416. 
silver  prepared   from  standard 

silver,  365. 
soda,  solubility,  416. 
Nitrates,  composition,  129. 

decomposition  by  heat,  129. 
formation  in  nature,  122. 
normal  ratio  of,  254. 
oxidising  properties,  128. 
Nitre,  KO .  N0„  413. 

action  on  carbon,  418. 

artificial  production,  416. 

cubic,  280. 

examination  of,  418. 

-heaps,  416. 

oveifused,  417. 

properties,  418. 

purified  in  the  laboratory,  419. 

refining,  417. 

relation  to  combustion,  418. 
Nitric  acid,  NO,,  123. 

action  on  benzole,  128. 

charcoal,  126. 

hydi'ochloric  acid,  167. 

indigo,  125. 

)netals,  126. 

organic  substances,127. 

phosphorus,  126. 

sulphurous  acid,  202. 

tui'pentine,  127. 
anhydrous,  129. 
cause  of  colour,  124. 
combining  weight,  128. 
decomposed  by  heat,  124. 

light,  125. 
distillation  of,  125. 
Ibmied  from  air,  123. 

ammonia,  122. 
from  batteries,  134. 
fuming,  125. 

hydrated,  HO.  NO,,  123. 
molecular  fonnula,  129. 
oxidising  properties,  126. 
preparation  on  the  largo  scale, 
124. 
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Nitric  acid,  preparation  on  a  small  scale,  124. 
properties,  125. 
strongest,  preparation,  125. 
test  of  strength,  125. 
unitary  formula,  129. 
anhydride,  129. 

equivalent,  129. 

ether,  522. 
oxide,  NOj,  130. 

absorbedhy  sulphuric  acid,  204. 
analysis  of  air  by,  131. 
behaviour  with  hydrogen,  132. 
composition  by  volume,  13C. 
equivalent,  136. 
identified,  130. 
pure,  preparation,  131. 
with  bisulphide  of  carbon,  142. 
peroxide,  NOj,  134. 

composition  by  volume,  136. 
Nitrification,  theory  of,  122. 
Nitriles,  550. 
Nitrites,  133. 
Nitrobenzoic  acid,  622. 
Nitrobenzole,  Cj^HjiNO^),  455. 

preparation,  128. 
Nitrogen,  N,  112. 

atomicity  of,  162. 
binoxide,  130. 
bisulphide,  218. 
bromide,  170. 
bulbs,  120. 

chemical  relations,  113. 
chloride,  166. 

preparation,  166. 
circulation  in  natme,  113. 
combining  volume,  120. 

weight,  120. 
determination,  120. 
etymology,  18. 
function  in  air,  19. 
group  of  elements,  251. 
identification  of,  19. 
iodide,  176. 
oxides,  123. 

atomic  constitution,  137. 
general  review,  135. 
peroxide,  134. 
preparation,  112. 
properties,  18. 
protoxide,  130. 
Nitrogenised  bodies  identified,  60. 
Nitroglycerine,  579. 

use  in  blasting,  579. 
Nitrohippuric  acid,  622. 
Nitromannite,  509. 
Nitromuriatic  acid,  167. 
Nitrophenisic  acid,  461. 
Nitroprussides,  444. 
Nitrosubstitution  products,  128. 
Nitrotoluole,  460. 
Nitrous  acid,  NO,,  132. 

action  on  hydrosulphuric  acid, 
191. 

action  on  organic  substances, 
133. 

commercial,  134. 
composition  by  volume,  136. 
equivalent  of,  136. 
formed  from  ammonia,  122. 
oxidising  and  reducing  power, 
135. 
ether,  522. 


Nitrous  oxide,  NO,  130. 

composition  by  volume,  136. 

equivalent,  136. 

identified,  130. 
Nitroxylole,  460. 
NO,  nitrous  oxide,  130. 
NOj,  nitric  oxide,  130. 
NOj,  nitrous  acid,  132. 
NO4,  nitric  peroxide,  134. 
NO5,  nitric  acid,  123. 
Noble  metals,  24. 
Non-metallic  elements,  1. 
Nordhausen  oil  of  vitriol,  200. 
Normal  ratios  of  salts,  254. 
Normal  salt,  unitary  definition,  257. 
Normandy's  stUl,  46. 
Nuggets,  403. 
Nutrition  of  animals,  629. 

plants,  623. 
plastic  elements  of,  632. 
Nux- vomica,  599. 

0,  OXYGEN,  4. 

0,  oxalic  acid,  583. 
Oak  bark,  591. 
Ochres,  286. 
CEnanthene,  515. 
Oinanthic  acid,  514,  582. 

synthesis,  570. 
alcohol,  512. 
CEnanthole,  682. 

Oil  gas  absorbed  by  sulphui'ic  acid,  209.  ' 

Oil  of  spii'aea,  476. 

OU  of  vitriol,  HO .  SO3,  200. 

brown,  205. 

decomposed  by  boiling,  208. 
dehydratedby  phosphoric  acid, 
209. 

dissociation  of,  209. 

distillation  of,  206. 

manufacture,  203. 

molecular  formula,  209. 

sulphate  of  lead  in,  206. 
OU  of  wine,  523. 
OUs,  579. 

Olefiant  gas,  C4H4,  85. 

absorbed  by  sulphuric  acid, 
209. 

combination  with  chlorine,  86. 
composition  by  volume,  100. 
converted  into  alcohol,  525. 
decomposed  by  chlorine,  87. 

heat,  87. 
the  spark,  87. 
identification  of,  86. 
molecular  foiinula,  83. 
preparation,  85. 
with  iodine,  176. 
Olefines,  C2hH2«,  514. 
Oleic  acid,  HO  .  C„B.jy„  680. 

action  of  nitric  acid  on,  581. 
Oleine,  C,„H,04O,2,  572. 

synthesis  of,  575. 
Olibanum,  480. 
Oligist  ii-on  ore,  302. 
Olive-oil,  573,  680. 
Olivine,  282. 
Onions,  500. 

essential  oil  of,  479. 
Onyx,  102. 
Oolite  limestone,  278. 
Oolitic  iron  ore,  302. 
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Opal,  102. 

Opium,  composition,  594. 

e.^ctraction  of  alkaloids  from,  594. 
Orange  chrome,  2PbO  .  CrO,,  332. 
Orange,  essential  oil  of,  470. 
Orceine,  602. 
Orcine,  602. 
Ore-fiu-nace,  336. 
Organic  analysis,  elementary,  73. 

and  inorganic  substances,  435. 

chemistry,  435. 

matter  identified,  53. 

substances,  definition,  3. 

sjTitheticalformation,83. 
Organo-metaUio  bodies,  529. 

table  of,  535. 

Oriental  alabaster,  43. 
Oiyiment,  red,  AsSg,  249. 

yellow,  AsSj,  249. 
Orthoclase,  290. 

Orthophosphates,  normal  ratio  of,  254. 
Orthophosphoric  acid,  3H0.  PO5,  232. 
Osmazome,  616. 
Osmic  acid,  OSO4,  400. 
Osmindium,  394. 
Osmium,  Os,  400. 

chlorides,  401. 

oxides,  401. 

tetrasulphide,  401. 
Osseins,  616. 
Oxalates,  585. 
Oxalethylic  acid,  522. 
OxaUc  acid,  HO .  0,0,,  583. 

analysis  of,  74. 
bibasic,  585. 

chemical  constitution,  585. 

doubled  formula,  585. 

fatal  dose,  585. 

occurrence  in  nature,  583. 

preparation,  584. 

properties,  585. 

test  for,  585. 

uses,  584. 
ether,  521. 
Oxalonitrile,  550. 
Oxalovinic  acid,  522. 
Oxalyle,  0,0,,  550. 
Oxaniic  acid,  550. 
Oxamide,  NH, .  0,0^,  549. 
Oxanilide,  549. 
Oxidation,  definition,  5. 

of  tissue,  products,  632. 

Oxides,  5. 

metallic,  action  of  hydrochloric  acid 
on,  150. 
hydrosulphuric 
acid  on,  192. 
sulphuric  acid  on, 
209. 

nomenclature  of,  11. 
Oxidising  blowpipe  flame,  98. 
Oxycalcium  light,  38. 
Oxygen,  0,  4. 

absorption  by  pyrogallic  acid,  693. 

atomicity  of,  152. 

blowpipe  flame,  99. 

bumt  in  ammonia,  122. 

combustion  in,  6. 

detected  in  mixed  gases,  130. 

determination  of,  in  gases,  34. 

eflect  on  flame,  99. 

electro-negative,  51. 


Oxygen,  electro-positive,  51. 
etymology,  8. 
evolved  from  steam,  102. 
experiments  with,  6. 
extracted  from  air,  12. 
group  of  elements,  250. 
identified,  12. 
natural  sources,  4. 
preparation,  11. 

from  bichromate  of  pot- 
ash, 210. 
from  chloride  of  lime, 
155. 

from  sulphate  of  zinc, 
210. 

from  ■  sulphairic  acid, 
207. 

properties,  4. 
p\irification,  53. 
relation  to  metals,  8. 

non-metals,  8. 
Oxygenated  water,  50. 
Oxygenised  mxu'iatic  acid,  146. 
Oxyhydrogen  blowpipe,  37. 
Oxymuriatic  acid,  146. 
Ozone,  14. 

electrolytic,  21. 
experiments  with,  16. 
in  the  atmosiDhere,  16. 
nature  of,  52. 
specific  gravity  of,  52. 
test  for,  15. 
Ozonisation  by  ether,  16. 

phosphorus,  16. 
Ozonised  air,  15. 

oxygen,  15. 
Ozonising  tube,  15. 

P,  PHOSPHOEUS,  222. 

Paint  blackened  by  hydi'osulphuric  acid,  192. 

removed  from  clothes,  484. 
Paintings,  effect  of  light  and  air  on,  192. 
Palladamine,  hydrochlorate,  399. 
PaUacUum,  Pd,  399. 

carbide,  400. 
chlorides,  400. 
cyanide,  399. 
nitrate,  400. 
oxides,  400. 
Palmitic  acid,  514. 
Palmitine,  C,„jHasO,2,  572. 

synthesis  of,  675. 
Pahn-oil,  572,  579. 

bleaching  of,  579. 
Pancreatic  juice,  631. 
Panification,  494. 
Papaverine,  537. 
Paper,  465. 

action  of  nitric  acid  on,  600. 
dissolved  by  ammonio-cuprio  sohi- 

tions,  344. 
for  cheques,  &o.,  487. 
for  photographic  printing,  212. 
Paracyanogcn,  CuN,,  440. 
Parafline,  CxUx,  465,  467. 

extraction,  467. 
oil,  468. 
Paraguay  tea,  597. 
Piiramyleno,  515. 
Paranaphthalino,  464. 
Paraniline,  515. 
Parasorbic  acid,  590. 


664 


INDEX. 


Paratartaric'acid,  688. 
Parclmient,  592. 

size,  617. 
vegetable,  496. 
Paris  yellow,  359. 
Parsley,  essential  oil  of,  470. 
Partial  saturation,  method  of,  571. 
Parting  of  gold  by  sulphuric  acid,  207. 
Passive  state  of  metals,  322. 
Patent  yellow,  359. 
Pattinson's  process,  352. 
Paviine,  478. 
Paving  stones,  413. 
Pb,  lead,  348. 
PbCl,  chloride  of  lead,  859. 
Pbl,  iodide  of  lead,  360. 
PbO,  protoxide  of  lead,  356. 
PbO  .  A,  acetate  of  lead,  563. 
PbO  .  C4H3O3,  acetate  of  lead,  563. 
PbO  .  CrOj,  ohromate  of  lead,  332. 
PbO.  SO3,  sulphate  of  lead,  349,  359. 
PbS,  sulphide  of  lead,  349. 
Pd,  palladium,  399. 
Pea  iron  ore,  301. 
Pear  flavour,  553. 
Pearlash,  258. 
Pearl  hardener,  280. 
Pearls,  65. 
Pearl-spar,  282. 
Pearl  white,  BiClj,  2610^,  377. 
Peas,  610. 
Peat-bog,  62. 

composition,  434. 
Pectic  acid,  627. 
Pectine,  627. 
Pectose,  627. 
Peotosic  acid,  627. 
Pelargonic  acid,  514. 
Pentathionic  acid,  SjOj,  214. 
Pentethylene-tetrethyl-tetrammonium,  hy- 

drated  oxide  of,  546. 
Pepper,  essential  oil  of,  470. 
Peppermint,  essential  oil  of,  471. 
Pepsine,  630. 
Perchlorates,  159. 
Perchloric  acid,  C10„  159. 

hydrated,  159. 

ether,  523. 
Perchlorokinone,  596. 
Perchromic  acid,  333. 
Percussion  cap  composition,  446. 

fuze,  160. 
Perfume-ethers,  553. 
Perfumes,  extraction  of,  471 . 
Periclase,  282. 
Pericline,  290. 
Periodates,  174. 
Periodic  acid,  10,,  174. 
Permanent  gas,  4. 

inlc,  365. 

white,  275. 
Permanganate  of  potash,  KO  .  MnjO-,  327. 
Pei-manganates,  nonnal  ratio  of,  254! 
Permanganic  acid,  327. 
Peroxide,  definition,  11. 
Perspiration  of  the  skin,  569. 
Peruvian  bark,  595. 

saltpetre,  NaO.NO.,  415. 
Petaliie,  272.  «  • 

Petinme,  547. 
Petrifying  springs,  42. 
Petroleum,  88,  468. 


Peucyle,  470. 
Pe^vter,  386. 
Phenic  acid,  460. 
Phenole,  C^HjOj,  460. 
Phenose,  455. 
Phenylamine,  459,  539. 
Phenylaniline,  542. 
Phenyle,  Cj^H^,  459. 

hydrated  oxide  of,  459. 
Phenylene-diamine,  545. 
Phenylene-ditolylene-triamine,  546. 
Phenylene-ditolylene-triethyl-triamine,  546. 
Phenylene  -  ditolylene  -  triphenyl  -  triamme, 
546. 

Phenylic  hydride,  462. 
Phenyl-toluylamine,  543. 
Philosopher's  wool,  295. 
Phlogistic  theory,  146. 
Phlogiston,  146. 
Phloretine,  478. 
Phloridzeine,  478. 
Phloridzine,  478. 
Phocenine,  582. 
Phosgene  gas,  CjOjCl^,  165. 
Phospham,  239. 
Phosjthamic  acid,  239. 
Phosphates,  normal  ratio  of,  254. 
Phosphethylic  acid,  518. 
Phosphides,  227. 
Phosphites,  234. 
Phosphodiamide,  239. 
Phosphoglyceric  acid,  576. 
Phosphomolybdate  of  ammonia,  393. 
Phosphorescence,  224. 

prevented,  225. 
Phosphoric  acid,  PO5,  229. 

anhydrous,  preparation, 
231. 

atomic  formula,  237. 
bibasic,  232. 
common,  232. 
composition,  233. 
di-hydrated,  231. 
glacial,  230. 

hydrated,  preparation,  230. 

molybdic  test  for,  393. 

monobasic,  232. 

mouohydi-ated,  231. 

tribasic,  232. 

trihydrated,  232. 
anhydride,  231. 
ether,  523. 
Phosphorised  oil,  225. 
Phosphorite,  222. 
Phosphorous  acid,  PO3,  233. 
Phosphorus,  P,  222. 

action  of  potash  on,  235. 

aUotropic  modifications,  226. 

amorphous,  226. 

and  oxygen,  5. 

black,  227. 

bromides,  238. 

burnt  luider  water,  160,  235. 

chemical  relations,  227. 

chlorides,  237. 

cyanide,  444. 

distilled,  226. 

fuze  composition,  229. 

iodides,  238. 

match-bottle,  225. 

occurrence  in  nature,  222. 

oxides,  229. 
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Phosphorus,  oxycliloride,  237. 

coiiiposition,  238. 
pentachloride,  237. 

action  of  am- 
monia on,  239. 
composition,  238. 
poisonous  properties,  227. 
precipitation  of  metals  by,  227. 
preparation,  222. 
properties,  222. 
red,  226. 
subcxide,  235. 
sulphides,  238. 
sulphochloride,  238. 
terchloride,  237. 

action  of  ammonia 

on,  239. 
composition,  238. 
transformed  by  iodine,  238. 
viscous,  227. 
vitreous,  226. 
Phosphotriamide,  239. 
Phosphovinic  acid,  518. 
Phosphurets,  227. 

Phosphuretted  hydrogen,  gaseous,  PH,,  235. 

analogy  with  ani- 

amonia,  236. 
composition,  236. 
liquid,  236. 
molecular  formula, 

237 
solid,  236. 

Photographic  baths,  recovery  of  silver  from, 
365. 

Photographic  printing,  212. 

Phthalic  acid,  464. 

PhyUocyanine,  601. 

Phylloxanthine,  601. 

Physetoleic  acid,  577. 

Picamar,  465. 

Picoline,  450. 

Picric  acid,  461. 

Picrotoxine,  479. 

Pig  iron,  305. 

PimeLic  acid,  580. 

Pimple  metal  (copper),  339. 

Pine  apple  flavour,  553. 

Pinic  acid,  470. 

Pink  salt,  NH^Cl.SnCl,^  389. 

Pins  tinned,  386. 

Pipe-clay,  286. 

Piperine,  538. 

Pipette,  curved,  73. 

Pit  charcoal,  420. 

Pitch,  452,  468. 

PUchblende,  300. 

Pittacal,  465,  468. 

Plants  and  animals,  reciprocity  of,  634. 

changes  after  death,  628. 

chemical  changes  in,  620. 

constructive  power  of,  627. 

evolution  of  carbonic  acid  by,  64. 

food  of,  71,  623. 

nutrition  of,  623. 

reducing  functions  of,  626. 

ultimate  elements  of,  623. 
Plaster  of  Paris,  273. 

overbumt,  279. 
prepaiation,  279. 
Platammon-ammonium,  liydrated  oxide,  548. 
Platammonium,  hydrated  oxide,  548. 
Platina,  muriate,  397. 


Platinauiine,  398. 
Platinates,  396. 
Platinised  asbestos,  132. 
Phitinochloride  of  potassium,  KCI .  PtCI„ 
397. 

Platinoid  metals,  general  review  of,  402 
Platinxun,  Pt,  394. 

amalgam,  369. 
Platinum,  ammonio-chloride,  NH.Cl .  PtCl 
394.  " 

and  rhodium  alloy,  400. 

attacked  by  sulphuric  acid,  207. 

bichloride,  PtCL,  397. 

black,  395. 

compoimds,  atomic  formulae,  399. 
coiToded,  396. 

by  arsenites,  244. 

phosphorus,  227. 

silicon,  107. 
crucible  heated,  106. 
equivalent  and  atomic  weights, 

399. 
extraction,  394. 
fubninatmg,  397. 
ores,  analysis,  402. 
oxides,  3^6. 

protoohloride,  PtCl,  398. 
separation  fi-om  iridium,  396. 
spongy,  396. 

stills  for  sulphuric  acid,  205. 
sulphides,  399. 
tetratomic,  399. 
uses  of,  395. 
Platosamine,  hydrate,  398. 

hydrochlorate,  398. 
sulphate,  398. 
Plato-triethyle-arsonium,  chloride,  549. 

-phosphonium,  549. 
-stibonium,  549. 

Plumbago,  55. 

Plumbic  acid,  PbO^,  358. 

Pneumatic  trough,  12. 

POj,  phosphorous  acid,  233. 

POj,  phosphoric  acid,  229. 

Poison-nut,  599. 

Pole,  negative,  20. 

positive,  20. 
Pollux,  274. 
Polyammonias,  544. 
Polyatomic  alcohols,  544. 
Polyhalite,  281. 

Polymerising  by  suIiDhuric  acid,  452. 
Polymerism,  515. 
Populine,  478. 
Porcelain,  411. 

English,  412. 
glazed,  412. 
paintuig,  412. 
Porous  cell  experiment,  29. 
Porphyry,  290. 
Porter,  composition,  491. 
Portland  cement,  415. 

stone,  414. 
Port  wine  crust,  610. 

ell'ect  of  keeping,  510. 
Positive  pole,  20. 
Polash-albite,  290. 
Potash,  KO,  259. 

anhydrous,  260. 
antimoniate,  KO  .  SbO,,  380. 
arsenite,  244. 
atomic  fonnula,  261. 
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Potash,  aiirate,  406. 

biantimouiate,  380. 
bicarbonate,  KO  .  HO .  2C0j,  261. 
bichromate,  KO  .  2Cr03,  331. 
bimetantimoniate,  380. 
binoxalate,  584. 

bisiilphate,  KO .  HO .  2SO3, 124, 210. 
bitartrate,  259,  586. 
bi-urate,  621. 
bromate,  168. 
bulbs,  73. 

carbouate,  KO .  CO^,  258.  . 
caustic,  259. 
chlorate,  KO  .  aO„  157. 
chromate,  KO  .  CrOj,  332. 
cyanate,  KO  .  C^NO,  442. 
ferrate,  323. 
from  wool,  259. 
fulminurate,  448. 
fused,  259. 

hydrate,  KO  .  HO,  259. 

atomic  formula,  261. 

hydriodate,  176. 

in  flesh,  615. 

iodates,  174. 

isocyanuj-ate,  448. 

manganate,  326. 

Dietantimoniate,  380. 

metastannate,  388. 

nitrate,  415. 

solubility,  416. 

oleate,  573. 

osmite,  401. 

perohlorate,  159. 

permanganate,  327. 

plumbate,  358. 

prussiate,  KjCyjFe,  437. 

quadroxalate,  586. 

red  prussiate,  443. 

sulphate,  KO .  SO3,  210. 

tartrate,  2K0  .  CjHPio,  586. 

terchromate,  332. 

test  for,  48. 

trithionate,  214. 

iirate,  621. 
Potassamide,  NH^K,  551. 
Potassium,  K,  258. 

action  on  hydros ulphuric  acid, 
192. 

action  on  water,  23. 
alcohol,  526. 
amidide,  551. 
atomic  weight,  261. 
binoxide,  262. 
bisulphide,  262. 
blowpipe  test  for,  261. 
bromide,  168. 
chloride,  KCl,  261. 

extraction  from  sea- 
water,  263. 
solubility,  416. 
cyanide,  K  .  C^N,  440. 

pure,  441. 
equivalent  weight,  261. 
ethyle,  533. 
extraction,  260. 
ferricyauide,  KjCyuFOj,  443. 
ferrocyanide,  K^CyjFe,  437. 
heated  in  carbonic  acid,  76. 
iodide,  KI,  176. 
inercaptan,  527. 
peutasulphide,  262. 


Potassium  peroxide,  262. 

platinocliloride,  KCl .  PtCl8,397. 

properties,  260. 

silicofluoride,  181. 

sulpharsenite,  249. 

sulphide,  KS,  262. 

sulphocyanide,  K.CySj,  442. 

tersulphide,  262. 

tetrasulphide,  262. 
Potato,  composition,  483. 
spirit,  511. 

starch,  extraction,  483. 
Pottery,  411. 
Press  cake,  422. 
Preston  salts,  270. 
Promethean  light,  160. 
Proof  spirit,  516. 
Propione,  557. 

Propionic  (propylic)  acid,  514. 

Propionitrile,  550. 

Propionj'le,  520. 

Propylamine,  547. 

Propylene,  515. 

Propylene-glycol,  561. 

Propylic  acid,  HO  .  C^'B.fi,,  514. 

Propylic  acid,  artificial  foi-mation,  533. 

Propylic  alcohol,  512. 

Proteine,  614. 

Proximate  organic  analysis,  451. 
Prussian  blue,  Pe^Fcyj,  436. 

constitution,  438. 
decomposition   by  alkalies, 

438. 
native,  324. 
preparation,  437. 
soluble,  438. 
Prussiate  of  potash,  action  of  sulphuric 

acid  on,  79. 
Prussic  acid,  HCy,  436. 

in  bitter  almond  oil,  479. 
of  the  Phai-macopoeia,  439. 
Psilomelane,  325. 
Pt,  platinum,  394. 
PtCl,  platinous  chloride,  398. 
PtClj,  bichloride  of  platinum,  397. 
Ptyaline,  630. 

Puddled  bar,  composition,  313. 
bars,  312. 
steel,  320. 
Puddling,  disadvantages  of,  313. 
drj',  313. 
loss  in,  313. 
mechanical,  314. 
process  of,  311. 
Pulvis  fulminans,  419.- 
Ptimice  stone,  286. 
Purheck  stone,  414. 
Purple  of  Cassius,  407. 
Putrefaction,  64. 

ammonias  furnished  by,  547. 
modern  researches  on,  635. 
Putty  powder,  388. 
Pyrene,  464. 
Pyi'idine,  450. 
Pyrites  arsenical,  240. 

capillary,  NiS,  331. 
efflorescent,  201. 

extraction  of  sulphur  from,  185. 
Fahlun,  219. 
oxidation  in  air,  201. 
white,  201. 
Pyi'ogallic  acid,  593. 
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Pyrogalline,  593. 
Pyroligneous  acid,  CjIT^Oj,  465. 

etlier,  406. 
Pyrolusite,  MnOj,  325. 

preparation  of  oxygen  from,  12. 
Pyromucic  acid,  568. 
Pyi-ophoric  iron,  80. 
Pyropliorus,  lead,  356. 
Pyrophosphates,  normal  ratio  of,  254. 
Pyrophosphoric  acid,  2H0 .  PO5,  231. 
Pyroterebic  acid,  577. 
Pyroxylic  spirit,  466. 
Pyioxyline,  500. 

QUADREQUrVALENT  ELEMENTS,  152. 

Quantity  and  intensity,  electric,  21. 
Qnartation  of  gold,  405. 
Quartz,  102. 

artificial,  105,  523. 
Quercetine,  478. 
Quercitannic  acid,  591. 
Quercitrine,  478. 
Quercitron,  606. 
Quick  lime,  CaO,  49. 
Qiucksilver,  367. 
Quince-seed,  483. 
Quinic  acid,  596. 
Quinidine,  537. 

extraction,  596. 
Quinine,  C.^H^^NjO,,  537. 

amorphous,  596. 

extraction,  595. 

sulphate,  596. 
Quinoidine,  696. 
Quinoline,  450. 
Quinotannic  acid,  595. 

Racemic  acid,  588. 
Radicals,  alcohol-,  519. 

negative,  520. 
polyatomic,  544. 
positive,  520. 
Radishes,  essential  oil  of,  479. 
Jlailway  bars,  312. 
Rain  water,  38. 
Raisins,  496. 
Rancid  oils,  581. 
Rangoon  tar,  468. 
Rational  formnlfe,  74. 
Ratios,  normal,  of  salts,  254. 
Realgar,  AsSj,  249. 
Reaumur's  porcelain,  410. 
Red  copper  ore,  Cu^O,  335. 
Red  dyes,  605. 

fire,  composition  for,  158. 

flowers,  colouring  matter  of,  601. 

lead,  V\0„  357. 

■ore,  PbO  .  CrOj,  332. 

ochre,  301. 

orpiment,  249. 

paints,  373. 

precipitate,  369. 

-shortness,  315. 

silver-ore,  3AgS .  AsS^,  240. 

stdphide  of  antimony,  382. 
Reduced,  12. 

Reducing  blowpipe  flame,  98. 

Reduction  of  metals  by  carbonic  oxide,  80. 

on  charcoal,  99. 

Refinery,  309. 
Refining  cast-iron,  309. 
Refraction  of  saltpetre,  414. 


Refrigerator,  Carry's,  116. 

ReguUis,  337. 

Regiilus  of  antimony,  378. 

Rennet,  009. 

Resins,  472. 

Resists  (calico-printing),  606. 
Respiration,  63. 

formation  of  carbonic  acid  in,  63. 

in  confined  air,  68. 

Retort,  46. 
Rhodiiun,  Ro,  400. 

oxides,  400. 

sesquichloride,  400. 

sodiochloride,  400. 

sulphides,  400. 
Rice,  composition,  484. 
Ricinoleic  acid,  582, 
Rinman's  gi-een,  330. 
Rising  of  bread,  494. 
Rivers,  seK-purifyiug  power  of,  39. 
River- water,  39. 
Ro,  rhodium,  400. 
Roasting,  efl'eot  on  sulphides,  194. 

meat,  616. 
Rochelle  salt,  KO  .  NaO  .  CsH^O,,,  588. 
Rock  crystal,  102. 
Rock  oil,  468. 
Rock  salt,  262. 
Rocks,  disintegration,  71. 
Roman  cement,  415. 
RosanUine,  457. 

acetate,  457. 

action  of  cyanide  of  potassium  on, 
458. 

triethylic,  458. 

triphenylic,  458. 
Rosette  copper,  339. 
Rosiclers,  366. 
Rosin,  469. 

soap,  470. 
Rosolic  acid,  450. 
Rotation  of  crops,  625. 
Rubian,  601. 
Rubidia,  274. 
Rubidium,  Rb,  273. 

equivalent  weight,  275. 

platinochloride,  397. 

properties,  274. 

separation  from  potassium,  397. 
Ruby,  288,  332. 
Ruby  glass,  406. 
Rue,  essential  oil  of,  556. 
Rufigallic  acid,  593. 
Rulimkorff's  induction  coil,  22 
Rum,  511. 

Rust,  2Fe,03.3HO,  11,  321, 

ammonia  in,  121.  « 
Rusty  deposit  in  waters,  45. 
Ruthenic  acid,  401.  ^ 
Ruthenium,  Ru,  401. 
Rutic  acid,  514, 

alcohol,  512, 
Rutilc,  TiOj,  391. 
Rye  flour,  494. 

S,  suLPnun,  183. 
Sacoliaride,  499. 
Saccliarine  matters,  496. 
Safoty-lamp,  behaviour  in  mines,  91. 
Davy's,  90. 

precautious  in  using,  91. 
Stephenson's,  89. 
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Safflower,  601. 
Saffron,  601. 
Sago,  485. 
Salad  oU,  580. 
Sal-alembroth,  371. 
Sal-amnioiiiac,  NH^C'l,  114. 

action  on  metallic  oxides,  271. 

composition  by  volume,  271. 

vapour-density  of,  271. 

Sal  gem,  262. 
Salicine,  476. 

derivatives,  476. 
SaUcyle,  Ci^HjO,,  477. 

hydride,  477. 
Salicylic  acid,  HO  .  C^HjOj,  477. 
Saligenine,  477. 
Saline  waters,  45. 
Saliretine,  477. 
Saliva,  630. 
Sal  polychrest,  211. 
Sal-prunelle,  418. 
Salt-cake,  264. 
Salt  as  manure,  624. 

common,  262. 

definition,  10. 

etymology,  252. 

extraction,  262. 

fused,  108. 

-gardens  of  Marseilles,  263. 
-glazing,  413. 
of  lemons,  586. 
of  sorrel,  584. 
of  tartar,  259. 
preservative  effect,  635. 
table-,  263. 

unitary  definition,  256. 
useful  applications,  263. 
Salting  of  meat,  616. 
Saltpetre,  KO .  NOj,  415. 

as  manure,  624. 
cubical,  NaO  .  NO^,  415. 
-flour,  417, 
impurities,  418. 

prepared  from  nitrate  of  soda,  416. 

properties,  418. 

refining,  417. 

old  process,  417. 

tests  of  purity,  418. 
Salt-radical,  definition,  10. 
Salt-radicals,  182. 
Salts,  acid,  253. 

atomic  unitary  formulse,  257. 

basic,  253. 

binary  theory,  254. 

constitution  of,  252. 

definition,  253. 

double,  csnstitutiou,  255. 

haloid,  182,  252. 

mutual  decomposition  of,  416. 

neutral,  253. 

normal,  253. 

normal  ratios  of,  254. 

oxyacid,  252. 

■water-type  theory  of,  254. 
Hal  volatile,  270. 
IScmd,  102. 
Sandarach,  472. 
Sandstone,  413. 

Craigleith,  413. 
Sap  of  plants,  626. 
Saponification  by  steam,  575. 

sulphuric  acid,  574. 


Saponification,  theory  of,  572. 

Saponine,  479. 

Sapphire,  288. 

Sarcosine,  G„H,N04,  615. 

Saturated  solution,  47. 

SavLU,  essential  oil  of,  470. 

Saxon  sulphuric  acid,  200. 

Saxony  blue,  604. 

Sb,  antimony,  378. 

SbClj,  terchloride  of  antimony,  381. 

SbCl.„  pentachloride  of  antimony,  381. 

SbOj,  autiraonic  oxide,  379. 

SbOj,  antimonic  acid,  379. 

SbSj,  tersulphide  of  antimony,  381. 

Scammony,  480. 

Scarlet  dyes,  605. 

Scheele's  green,  2CuO .  HO .  AsO„  245. 

prussic  acid,  439. 
Sclieelite,  CaO  .  WO,,  392. 
Schlippe's  salt,  382. 
Scotch  pebbles,  102. 
Scott's  cement,  415. 
Scrubber,  449. 
Se,  seleuiiun,  219. 
Seal-oil,  582. 
Sea-water,  45. 

extraction  of  salt  from,  263. 
Sea-weed,  500. 
Sebacic  acid,  580. 
Secretion,  632. 
Sedative  salt,  109. 
Seeds,  composition,  626. 

germination,  487. 
Sefstrom's  furnace,  321. 
Sel  d'or,  407. 
Selenic  acid,  SeOj,  220. 
Selenides,  219. 
Selenietted  hydrogen,  220. 
Selenious  acid,  SeOj,  220. 
Selenite,  279. 
Selenium,  Se,  219. 

chlorides,  220. 

sidphides,  220. 
Seltzer  water,  45. 
Separating  fimnel,  83. 
Sericine,  617. 
Serpentine,  282. 
Serum,  612. 
Shaft,  dowTicast,  70. 

upcast,  70. 
Shamoying  692. 
Shear-steel,  317. 

Sheep-dipping  compositions,  244. 

Shell -lac,  472. 

Sherry,  510. 

Shot,  355. 

Si,  silicon,  102. 

Sicilian  sulphur,  184. 

Siemens'  iuduction-tube,  15. 

regenerative  furnace,  434. 
Sienna,  286. 

SiFj,  fluoride  of  silicon,  179. 
Signal-light  composition,  249. 
Silica,  SiOj,  102. 

amorphous,  104. 

crystalline,  104. 

dissolved  by  hydrofluoric  acid,  1 
gelatinous,  preparation,  181. 
in  plants,  103. 
in  waters,  103. 
Silicate  of  alumina  and  soda,  289. 
soda,  103. 
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Silicated  soap,  573. 
Silicates,  105. 

uoriiial  ratio  of,  254. 
Silicic  acid,  SiO,,  102. 

atouiio  formula,  109. 
bibasic,  106. 
equivalent  of,  106. 
foi-merly  SiO,,  109. 
hydrated,  10-i. 
solution  of,  104. 
ether,  523. 
Silicide  of  magnesium,  108. 
Silicium,  106. 

ethyle,  535. 
methyls,  535. 
Silicofluoric  acid,  181. 
Silicon,  Si,  102. 

action  of  hydrochloric  acid  on,  166. 

amorphous,  107. 

and  nitrogen,  107. 

a  tetratoinic  element,  165. 

atomic  weight,  109. 

bisulphide,  218. 

chloride,  SiCl„,  165. 

combining  weight,  108. 

diamond,  107. 

fluoride,  SiF^,  179. 

composition  byvolume.lSl . 
importance  in  mineralogj', 
180. 

preparation,  180. 
fused,  107. 
graphitoid,  107. 
hydride,  107. 

hypothetical  vapour-density,  165. 
resembles  carbon,  107. 
Silicone,  108. 
Silk,  617. 
Silver,  Ag,  361. 

action  of  hydrochloric  acid  on,  149. 

hydrosulphuric  acid  on,  192. 
amalgam,  369. 
arsenite,  244. 
basic  periodate,  174. 
bromide,  AgBr,  366. 
chloride,  AgCl,  365. 

action  of  light  on,  212. 
reduction  of,  365. 
cleaned,  192. 
coin,  363. 

compounds,  atomic  formula;  of,  366. 

crucibles,  364. 

detected  in  lead,  355. 

equivalent  and  atomic  weights,  366. 

extracted  from  its  ores,  21.3. 

extraction  by  amalgamation,  362. 

from  copper-ores,  361. 
lead,  352. 

frosted,  363. 

fulminate,  Ag^C.N,0„  446. 
fusing-point,  364. 
fulminating,  364. 
glance,  AgS,  366. 
hyposnlphite,  212. 
in  lead,  352. 
iodide,  173. 
metaphosphate,  231. 
native,  361. 

nitrate,  AgO  .  NO,,  364. 

preparation  from  standard 
silver,  365. 
nitride,  364. 


Silver  ore,  red,  366. 
oxalate,  586. 
oxide,  AgO,  364. 
o.Kides,  364. 
oxidised,  363. 

periodate,  174.  t  '. 

plate,  363. 

properties,  364. 

pure,  preparation,  363. 

pyi-ophospliate,  231. 

recovered  from  photographic  baths, 

365. 
refining,  362. 

separated  from  copper,  365. 

solder,  363. 

stains  removed,  364. 

standard,  362. 

subchloride,  366. 

sulphide,  AgS,  366. 

7iative,  361. 

tarnished,  192. 

tree,  369. 

triphosphate,  232. 
Silvering  brass  or  copper,  363. 
dry,  363. 
glass,  363. 
Simple  solution,  47. 
SiOj,  silicic  acid,  102. 
Siphon  eudiometer,  34. 
Size,  617. 

Slag,  blast-furnace,  composition,  306. 

iron  in,  309. 

iron-refinery,  310. 

lead-fm-nace,  350. 

metal  (copper),  338. 

ore-fiirnace,  337. 

puddling-furnace,  313. 

refinery  (copper),  339. 

roaster  (copper),  338. 
Slaked  lime,  CaO  .  HO,  278. 
Slaking  of  lime,  49. 
Slate,  286. 
Slow  portfire,  418. 
Smalt,  329. 
Smelling-salts,  270. 
Smoke,  cause  of,  62. 

consumption,  62. 
prevention,  62. 
Smokeless  gas-burners,  96. 
Sn,  tin,  383. 

SnCl,  protochloride  of  tin,  389. 
SnClj  bichloride  of  tin,  389. 
SnO,  protoxide  of  tin,  388. 
SnOj,  binoxide  of  tin,  388. 
Snow,  46. 

SnS,  protosulphide  of  tin,  389. 
SnSj,  bisulphide  of  tin,  390. 
SnufT,  600. 

SO,,  sulphurous  acid,  196. 
SO3,  sulphuric  acid,  200. 
SjOj,  hyposulpliurous  acid,  211.  , 
Soap,  571. 

arsenical,  244. 

Castile,  573. 

glycerine,  573. 

mottled,  573. 

-nut,  479. 

palm-oil,  572. 

rosin  in,  573. 

silicated,  573. 

transparent,  573. 

-wort,  479. 
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Soap,  yellow,  673. 

Soaps  decomposed  by  acids,  573. 

Soda,  NaO,  266. 

acid  pyrophospliate,  233. 

action  on  liard  waters,  43. 

aluminate,  289. 

avseniates,  246. 

arsenite,  245. 

ash,  265. 

manufacture,  264. 

atomic  formula,  268. 

basic  periodate,  174. 

biborate,  267. 

bicarbonate,  266. 

bimetantimoniate,  380. 

bisulphate,  209. 

bitungstate,  392. 

carbonate,  NaO .  00^,  264. 

manufacture  from  common 

salt,  264. 
medictaal,  265. 

caustic,  NaO .  HO,  266. 

cbloride,  155. 

common  phospbate,  2NaO  .  HO .  PO5, 

232. 
crystals,  265. 
bydrate,  266. 
bypochlorite,  155. 
bypopbospbite,  234. 
hyposulphite,  NaO  .  SA>  211. 

use  in  photography,  212. 

in  blood,  615. 
-Ume,  120. 
-lye,  266,  572. 
manganate,  327. 
manufacture  of,  history,  264. 

influence   on  useful 
arts,  265. 
metaphospbate,  233. 
nitrate,  268,  415. 

conversion  into  nitrate  of  pot- 
ash, 416. 

solubility,  416. 
obtained  from  Itryolite,  266. 
oleate,  572. 
palmitate,  572. 

phosphate,  2NaO .  HO .  POj,  268. 

phosphite,  234. 

platinate,  396. 

pyrophosphate,  233. 

silicate,  103,  268. 

stannate,  NaO .  SnO^,  388. 

stearate,  572. 

subphosphate,  232. 

sulphate,  NaO  .  SO3,  268. 

extractedfrom  sea-watev,263. 

sulphite,  199. 

sulphoxy-phosphate,  238. 

test  for,  380. 

tetrathionate,  214. 

tungstate,  NaO .  WO^,  385,  392. 

urate,  621. 

washing-,  265. 

waste,  212. 

-water,  71. 

powders,  71. 
Sodacetic  ether,  569. 
Sodamide,  NH,Na,  561. 
Sodium,  Na,  262. 

action  on  water,  23. 
-alcohol,  526. 
-amalgam,  119. 


Sodium  and  oxygen,  8. 

atomic  weight,  268. 
aurochloride,  407. 
blowpipe-test  for,  266. 
chloride,  262. 

commercial  importaace 
137. 

solubility,  163,  416. 
equivalent  weight,  268. 
-ethyle,  533. 
extraction,  267. 
fluoride,  179.  ' 
-glycol,  560. 

line  in  the  spectrum,  273. 
nitroprusside,  444. 
pentasulphide,  213. 
platinochloride,  397. 
silicofluoride,  108. 
sulphantimoniate,  193. 
sulpharseniate,  193. 
sulpharsenite,  250. 
sulphostaunate,  193. 
Soffioni,  109. 

artificial,  110. 
Softening  waters,  43. 
Soft  soap,  572. 

water,  40. 
Soils,  formation,  71,  623. 
impoverished,  624. 
iron  in,  323. 
Solanine,  638. 
Solder,  355. 

brazier's,  343. 
coarse,  386. 
fine,  386. 
silversmith's,  363. 
Soldering,  use  of  sal-ammoniac  in,  271. 
Soluble  glass,  263. 
Solution,  47. 
Soot,  62. 

as  manure,  625. 
Sorbic  acid,  590. 
Sorrel,  salt  of,  684. 
Soup,  616. 
Sparldtng  wines,  71. 
Sparteine,  538. 

Spathic  h  on  ore,  FeO  .  CO^,  302. 
Specific  gravity  of  gases  defined,  4. 

influence  of  tempera- 
ture on,  194. 
liquids,  defined,  46. 

detennined,  115. 
solids,  defined,  46. 
Specific  heat  defined,  426. 

of  atoms,  37. 
of  magnesium,  284. 
relation  to  equivalent  weights, 
283. 

Specific  heats  of  potassium,  sodium,  and 

lithium,  284. 
Spectroscope,  273. 
Spectrum  analysis,  273. 

use  of  bisulphide  of  car- 
bon in,  216. 
Specular  iron  ore,  Fefi,,  302. 
Speculimi  metal,  342,  387. 
Speiss,  329. 
Spelter,  296. 
Spermaceti,  582. 
Sperm  oil,  582. 
Spheroidal  state,  197. 
Spices,  preservative  eflTect  of,  635. 
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Spiegel-eisen,  319. 

Spinelle,  MgO  .  Alfi^,  288,  323. 

Spirit,  methylated,  473. 

of  salt,  138. 

of  wine,  516. 
Spirits,  511. 

of  turpentine,  469. 
Spirting  avoided,  105. 
Sponge,  618. 

ashes  of,  171. 
Spongy  platinum,  394. 
Spontaneous  combustion  of  phosphorus,  12. 
Springs,  petrifying,  42. 
Spring  water,  39,  71. 
Sprouting  of  silver,  354. 
Sr,  strontium,  277. 
SrO,  strontia,  277. 

SrO  .  COo,  carbonate  of  strontia,  277. 
SrO  .  NOij,  nitrate  of  strontia,  277. 
SrO  .  SOj,  sulphate  of  strontia,  277. 
Stains  of  fruit  removed,  197. 
Stalactites,  42. 
Stalagmites,  42. 
Stannates,  388. 
Stannic  acid,  SnOj,  388. 

dialysed,  388. 
hydrated,  388. 
chloride,  SnClj,  389. 

molecular  fonnula,  390. 
oxide,  SnOj,  388. 
sulphide,  SnS^,  390. 
Stannous  chloride,  SnCl,  389. 
oxide,  SnO,  388. 
sulphide,  SnS,  389. 
Star  antimony,  378. 
Starch,  C,jH,„0,„,  483. 

action  of  water  on,  485. 

a  glucoside,  487. 

and  iodine,  172. 

blue,  291. 

commercial,  485. 

extraction  from  potatoes,  483. 

rice,  484. 
wheat,  484. 
from  different  plants  distinguished, 

485. 
in  food,  485. 
iodised,  487. 
paste,  preparation,  15. 
Stassfiirthite,  261,  416. 
Staurotide  or  stawroKte  artificiaUv  formed, 
180. 

Steam,  composition  by  volume,  35. 
decomposed  by  carbon,  78. 

chlorine,  142. 
electric  sparks,  22. 
latent  heat  of,  432. 
specific  gravity  calculated,  35. 
Stearic  acid,  HO  .  514,  573. 

Stearic  glucose,  578. 
Stearine,  C„^H„,Oy,  572. 
candles,  574. 
synthesis  of,  575. 
SUatite,  280. 
Steel,  315. 

annealing,  318. 
Bessemer,  319. 
blistered,  316. 
cast,  317. 

distinguished  from  iron,  319. 
German,  320. 
hardening,  318. 


Steel,  Krupp's,  320. 

made  with  coal-gas,  319. 

manufacture,  315 

mild,  319. 

natural,  320. 

nitrogen  in,  319. 

Parry's,  319. 

pudcUed,  320. 

shear,  318. 

tempering,  318. 

tilted,  317. 

titanium  in,  319. 
Stereoohi'omy,  268. 
Sterro-metal,  342. 
Stibethyle,  Sb(0,H,)3,  534. 
Stibiotriethyle,  534,  547. 
Stibio-trimethyle,  634. 
Still,  45. 

Stockholm  tar,  468. 
Stone,  artificial,  268. 

-coal,  63. 

decayed,  414. 

test  of  durability,  414. 

-ware,  412. 
Storax,  42. 

Stout,  composition,  491. 
Straits  tin,  385. 
Stream-tin  ore,  383. 
Strontia,  carbonate,  277. 

nitrate,  SrO  .  N0„  277. 

sulphate,  277. 
Strontianite,  SrO  .  COju  277. 
Strontium,  Sr,  277. 

action  on  water,  24. 
diatomic,  285. 

equivalent  and  atomic  weights,283. 
properties,  277. 
sulphide.  277. 
Siruvite,  382. 

Strychnine,  C^^H^^NjO,,  538. 

constitution,  544. 
extraction,  599. 
identified,  599. 
properties  of,  599. 

Stucco,  280. 
Styi-acine,  472. 
Styrole,  472. 
Suberic  acid,  580. 
Sublimate,  con-osive,  370. 
Sublimation,  114,  473. 
Sublimed  sulphm-,  420. 
Substitution,  23. 

of  chlorine  for  hydrogen,  144. 
Succinic  acid,  2H0.  C8H,0„,  473,  580. 

conversion  into  tai'tario,  588. 

formed  from  tartaric,  588. 
Succussion,  205. 
Suet,  582. 

Sugar,  action  of  oil  of  vitriol  on,  206. 
adulteration,  495. 
-candy,  495. 

-cane,  composition,  497. 
extraction,  496. 
from  licet-root,  498. 

linen,  &c.,  495. 
-lime,  499. 
loaf-,  498. 
maple-,  496. 
of  flesh,  615. 
of  fruits,  Ci^HijOij,  496. 
of  gelatine,  617. 
of  manna,  500. 
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Sugar  of  milk,  C,jH,jO,„  608. 

preservative  eifect  of,  635. 
raw,  497. 
-refining,  60,  497. 
starch-,  495. 
nucrystallisable,  496. 
witli  chloride  of  sodium,  499. 
with  o.xide  of  lead,  499. 
Sugars,  495. 

chemical  properties,  499. 
optical  properties,  499. 
Sulphamylic  acid,  525. 
Sulphantinioniates,  382. 
Sulphantimonites,  382. 
Sulpharsenic  acid,  250. 
Sulpharsenious  acid,  250. 
Sulphate  of  soda  and  Ume,  268. 

crystallisation  of,  48. 
composition,  48. 

Sulphates,  209. 

acid,  210. 

action  of  heat  on,  210. 

atomic  formulae  of,  211. 

double,  210. 

in  common  use,  211. 

native,  183. 

normal,  253. 

reduced  to  sulphides,  210. 

unitary  formulas  of,  211. 
Sulphethylic  acid,  C^H^O .  HO .  2SO3,  523. 
Sulphides,  193. 

action  of  air  on,  193. 

native,  183. 

precipitated  by  hyposulphites, 
213. 

Sulphindigotic  acid,  604. 
Sulphindylic  acid,  604. 
Sulphites,  199. 

normal  ratio  of,  254. 
SulphobenzoUc  acid,  468. 
Sulphocarbonates,  217. 
Sulphocarbonic  acid,  217. 
Sulphocyanide  of  ammonium,  preparation, 
217. 

Sulphocyanogen,  CyS^,  442. 
Sulphoglyceric  acid,  574. 
Sulpholeic  acid,  575. 
Sulphopahnitic  acid,  575. 
Sulphophosphotriamide,  239. 
Sulphosaccharic  acid,  499. 
Sulphostearic  acid,  575. 
Sulphovmic  acid,  C,H,0.  HO  .  2SO3,  523. 
Sulphoxyphosphoric  acid,  238. 
Sulphur,  S,  183. 

-acids,  193. 

action  of  alkalies  on,  189. 

lime  on,  195. 
allotropic  states  of,  188. 
amorphous  or  insoluble,  187. 
and  oxygen,  7. 
atomic;  weight,  194. 
-bases,  193. 

chemical  relations,  189. 
chloride,  SCI,  219. 
combining  volume,  194. 
dichloride,  S^Cl,  218. 

molecular  formula,  219. 
dimorphous,  188. 
distilled,  185. 
ductile,  187. 
eloctro-negativc,  187. 
electro-positive,  187. 


Sulphur,  examination  of,  421. 
extraction,  184. 

from  copper-pyrites, 
186. 

from  iron-pyrites,  185. 
flowers  of,  185. 
for  gunpowder,  420. 
function  in  gunpowder,  421. 
gi'oup  of  elements,  221. 
home  sources  of,  185. 
iodide,  SI,  219. 
milk  of,  186. 

occurrence  in  nature,  183. 
octahedral,  188. 
of  coal  mines,  91. 
ores,  183. 
oxides,  195. 

oxidised  and  dissolved,  189. 

by  nitric  acid,  126. 
plastic,  187. 
prismatic,  188. 
projjerties,  186. 
refining,  185. 
roll-,  185. 
rough,  185. 
-salts,  193. 
subiodide,  SJ,  219. 
sublimed,  185. 
test  for,  444. 
uses,  186. 

vapour-density,  195. 
Sulphureous  waters,  45. 
Sulphuretted  hydrogen,  HS,  189. 
Sulphuric  acid,  SO3,  200. 

action  on  bromides,  170. 
copper,  196. 
fats,  574. 
fluor-spar,  177. 
lead,  205. 
metallic  oxides, 

209. 
metals,  207. 
organic  matters, 

206. 
silver,  207. 
anhydrous,  209. 

preparation,  201, 
attraction  for  water,  206. 
bibasic,  211. 
caiition  in  diluting,  206. 
'    combinations   ^\ith  water, 
208. 

composition,  208. 
concentrated,  206. 
concentration,  205. 
decomposition  by  heat,  207. 
diluted,  turbidity  of,  206. 
distillation  of,  206. 
formation,  200. 
from  the  chambers,  205. 
fuming,  200. 
glacial,  208. 

hydrated,  HO.  SO,,  200. 
manufacture,  203. 

chemical  prin- 
ciples, 201. 

history  of,  201. 

illustrated, 
202. 

summary,  206. 
Nordhausen,  200. 
polymerising  by,  452. 
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Sulphuric  acid,  reduced  by  hydriodic  acid, 
175. 

use  in  gas-analysis,  209. 
vapour-density  of,  208. 
anhydiide,  209. 

decomposed  by  heat, 
208. 

ether,  517. 
Sulphuring  casks,  198. 
Sulphurous  acid,  SOj,  196. 

a  reducing  agent,  198. 
action  on  hydrosulphuric 
acid,  219. 

nitric  acid,  202. 
nitric  peroxide, 

202. 
zinc,  213. 
composition,  199. 
hydi-ated,  197. 
liquefaction,  196. 
molecular  formida,  199. 
properties,  196. 
reduced  by  phosphorous 

acid,  234. 
separated  from  other  gases, 
358. 

solubility  in  water,  197. 
anhydride,  200. 
Sulphuryle,  198. 
Sumach,  692. 

Superphosphate  of  lime,  223. 
Supersaturated  solution,  48. 
Stcedish  iron  ore,  302. 
Sweet  oil,  580. 
Sweet  spirits  of  nitre,  522. 
Syenite,  291. 
Sylvic  acid,  470. 
Symbols,  2. 
Sympathetic  ink,  49. 
Synaptase,  474. 

Synthesis  of  acetic  acid,  533,  564. 

acids  of  the  acetic  series,  569. 
butyric  acid,  569. 
formic  acid,  568. 
uanidine,  546. 
ippuric  acid,  622. 
leucic  acid,  561. 
neutral  fats,  575. 
organic  substances,  83,  435. 
propylic  acid,  533. 
taurine,  631. 
urea,  618. 

volatile  fatty  acids,  569. 
water,  33. 

T,  TAETARIC  ACID,  686. 

Taqalile,  346. 
Talc,  280. 
Tallow,  572,  582. 
Tank-waste,  212. 
Tannic  acid,  590. 
Tannin,  ,590. 
Tanning,  591. 

Tantalic  acid,  TaO.,  or  TaO.,  394. 
Tantalite,  394. 
Tantalum,  Ta,  394. 
Tap-cinder,  composition,  313. 
Tapioca,  485. 
Tar-charcoal,  420. 
Tar,  coal,  450. 

wood,  465. 
Tarragon,  essential  oil  of,  476. 


Tartar,  686. 

salt  of,  259. 

-emetic,  KO  .  SbO, .  T,  .587. 
Tartaric  acid,  2H0  .  C„HjO,„,  586. 

artificial  formation,  588. 
bibasio,  586. 

conversion  into  malic  acid, 
588. 

conversion  into  succinic  acid. 
588. 

,  formed  from  succinic  acid, 

588. 
anhydride,  587. 
Tartrate  of  potash.and  soda,  588. 
Tam-ine,  C^H.NOnSj,  631. 

artificial  formation,  631. 
Taurocholic  acid,  630. 
Tawing,  592. 
Te,  tellurium,  220. 
Tea,  composition,  597. 
Telluretted  hydrogen,  221. 
Tellnric  acid,  TeOj,  221. 
Telluride  of  bismuth,  220. 
TeUuride  of  potassium,  221. 
TeUurium,  Te,  220. 

characterised,  221. 

foliated,  220. 

graphic,  220. 

sulphides,  221. 
Tellurous  acid,  TeO^,  221. 
Temper  spoilt,  318. 
Tempering,  colours  in,  318. 
Tenacity  of  copper,  341. 

iron,  341. 
Tendons,  616. 
Tennantite,  240. 
Terbium,  293. 
Terebene,  469. 
TerebUene,  470. 
Terequivalent  elements,  152. 
Terne-plate,  386. 
Tei-pinole,  470. 
Terstearine,  575. 
Test  tube,  13. 
Tetrad  elements,  152. 
Tetramercurammonium,  oxide,  369. 
TetramethyUum,  hydrated  oxide,  542. 
Tetramines,  546. 

Tetramylium,  hydrated  oxide,  542. 
Tetrath'ionic  acid,  Qfin,  214. 
Tetratomic  elements,  152. 
Tetrethylarsouium,  hydrate,  548. 
Tetrethylium,  hydrated  oxide,  'S{C^^)S)  . 
HO,  641. 
iodide,  541. 
Tetrethylphosphouium,  hydrate,  548. 
Tetrethylstibonium,  hydrate,  548. 
Tetrethyl-urea,  620. 
Thallium,  Tl,  360. 

alcohol,  526. 

equivalent  and  atomic  weights, 
361. 

extracted  from  ilue-dust,  360. 

for  green  fire,  361. 

salts,  361. 
Tlieine,  C,„Hi„N,Oj,  538. 
Thenarditc,  268. 

Theobromine,  C„HsN,0„  538,  598. 

converted  into  cafi^eine,  599. 
Theory,  atomic,  36. 

Thermometers  for  very  low  temperatures, 
216. 
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Thionyle,  198. 
Thiosmtiamine,  538. 
Thorina,  293. 
Thoriuum,  Th,  293. 
Thorite,  293. 

Thyme,  essential  oil  of,  470. 
Tile  copper,  338. 
Tiles,  413. 
Tin,  Sn,  383. 

action  of  acids  on,  387. 

nitric  acid  on,  127. 
on  hydrosulphuric  acid,  192. 
water,  24. 
alloys  of,  386. 
amalgam,  368. 
bichloride,  SnCl^,  389. 
binoxide,  SnOj,  388. 
bisulphide,  SnSj,  390. 
boUing,  384. 

compounds,  atomic  formulffi,  390. 
crystals,  389. 
dropped,  385. 

equivalent  and  atomic  weights,  390. 
extraction  in  the  laboratory,  385. 
foil,  385. 
grain,  385. 
identified,  385. 
impurities,  387. 
metallurgy  of,  383. 
nitrouniriate,  SnClj,  389. 
Tin-ore  of  Montehras,  394. 
Tin-ores,  mechanical  treatment  of,  383. 
oxychloride,  389. 
plate,  385. 
properties  of,  385. 
protochloride,  Sna,  389. 
protosulphide,  SnS,  389. 
protoxide,  SnO,  388. 
pure,  preparation,  387. 
pyrites,  SnS,  389. 
refining  by  liquation,  384 
salts,  389. 
sesquioxide,  389. 
stannate,  389. 
-stone,  SnOj,  383. 
tetratomic,  390. 
tree,  389. 
Tincal,  109. 

refining  of,  267. 
Tinned  iron,  385. 
Tinning  brass,  386. 

copper,  386. 
Tin-ivhite  cobalt,  CoAs,  329. 
Titanic  acid,  TiOj,  391. 

dialysed,  391. 

extracted  from  iron-sand,  391. 
hydrated,  391. 
properties,  391. 
Titanic  iron,  302. 
Titanium,  Ti,  391. 

bichloride,  391. 

bisulphide,  391. 

cyanonitride,  391.  , 

metallic,  391. 

nitride,  391. 

protoxide,  391. 

sesquichloride,  391. 

sesquioxide,  391. 

tetratomic,  392. 
Tl,  thallium,  360. 
Toast,  486,  494. 
Tobacco,  599. 


Tokay,  510. 
Tolu  balsam,  472. 

essential  oil,  470. 
Toluidine,  457,  460,  543. 
Toluole,  CnHj,  450. 
Tolylene,  545. 

diamine,  545. 
Topaz,  179,  288. 
Touch-paper,  418. 
Touch-stone,  127. 
Trap-rock,  291. 
Treacle,  496. 
Tree-wax  of  Japan,  583. 
Triad  elements,  152. 
Triacetine,  563. 
Triacid  triamines,  545. 
Triamines,  545. 
Triamylamine,  542. 
Triatomic  elements,  152. 
Tribasic  phosphates,  232. 

phosphoric  acid,  232. 
Tribeuzoyl-phosphide,  551. 
Tribenzylamine,  558. 
Triborethyle,  B(C4H5)3,  534. 
Tricetylamine,  542. 
Trichloracetic  acid,  HO  .  C^CljOj,  564. 
TrichloranUine,  549. 
Trichlorhydrine,  455. 

of  phenose,  455. 
Triethylamine,  N(C4H5)3,  540. 
Triethylarsine,  As(C,Hj3,  533,  547. 
Triethyleneoctethyl-tetrammonium,  hydi'at- 

ed  oxide,  547. 
Triethylene-tetralcohol,  562. 
Triethylene-tetramine,  546. 
Tri-ethylene-ti-iamine,  N3H3(C4Hj)3,  545. 
Triethylphosphine,  PiC^Hj),,  547. 
Triethylstibine,  Sb(C4H5)3,  547. 
Trimethylamine,  547. 
Trimethylarsine,  533,  542. 
Trioitro-ceUulose,  503. 
TrinitrocresyUc  acid,  462.  ] 
Trinitrophenic  acid,  461. 
Triphane,  272. 
Triple  phosphate,  282. 
Tripotassamide,  NK3,  651. 
Trithionic  acid,  S3O5,  214. 
Tungsten,  W,  392. 

binoxide,  392. 

blue  oxide,  392. 

chlorides,  392. 

metallic,  392. 

separated  from  tin-ores,  385. 
steel,  392. 
sulphides,  392. 
test  for,  392. 
Tungstic  acid,  WO3,  392. 

dialysed,  392. 
Turbith  or  turpeth  mineral,  370. 
Turkey  red,  601. 
Turmeric,  602. 

action  of  boracic  acid  on,  110. 
Turnbull's  blue,  FCjFdcy,  443. 
Turner's  yellow,  359. 
Turpentine,  Cj„H,|„  469. 

action  of  nitric  acid  on,  127. 
hydrates,  470. 
hydi'ocarbous,  470. 
in  chlorine,  143. 
Turquoise,  291. 
Tuj'cre  pipes,  304. 
Type-furniture  alloy,  352. 
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Type-metal,  355,  3S7. 
Types,  chemical,  151. 

U,  URIC  ACID,  621. 

Ulmate  of  ammonia  as  manure,  617. 
Ulmic  acid,  628. 
Ultramarine,  artificial,  291. 

green,  291. 

Umber,  2S6. 

Uniequivaleut  elements,  152. 
Unitary  definitions,  256. 

formula  of  nitric  acid,  129. 

oil  of  vitriol,  209. 
phosphoric  acid,  237. 
formTilsB,  50. 

of  chlorates,  161. 
hypochlorites,  161. 
nitrates,  129. 
sulphates,  211. 

Upcast  shaft,  70. 
Uranium,  U,  299. 

oxides,  300. 
Urea,  C.H.N^Oj,  618. 

analysis  of,  121. 

artificial  formation,  618. 

chemical  constitution,  619. 

extraction  from  ui-ine,  618. 

isomeric  with  cyanate  of  ammonia,  618. 

nitrate,  618. 
Ureides,  620. 

Uric  acid,  2H0 .  CioH^NA,  621. 

action  of  nitric  acid  on,  621. 
bibasic,  621. 

extraction  from  boa-excrement,621. 
urine,  621. 

Urine,  618. 

as  manure,  625. 
composition,  623. 
putrefaction  of,  618. 

Vacuum-pans,  497. 

Valentinite,  379. 

Valerian,  essential  oil  of,  470. 

Valerianic  acid,  HO  .  CioHsO,,  514,  570. 

Valerian  root,  570. 

Valerine,  582. 

Valerolactic  acid,  560. 

Valerone,  557. 

Valeryle,  520,  557. 

Vanadic  acid,  VO,,  393. 

Vanadium,  V,  393. 

chlorides,  393. 

ink,  393. 

metallic,  393. 

oxide,  393. 

siUphide,  393. 
Vapotir-densities,  influence  of  temperature 
on,  194. 

Vapour-densities  of  the  olefines,  515. 
Vami,shes,  473. 
Vegetable  parchment,  208. 
Vegetation,  chemiatiy  of,  623. 
Venetian  red,  322. 
Venice  turpentine,  469. 
Ventilation,  illustrations  of,  69. 

necessity  for,  69. 
Veratrine,  538. 
Verdigris,  56.3. 
Verditer,  345. 
Vert  de  Guignet,  33. 
Vermilion,  HgS,  373. 
Vesta  matches,  160. 


Vinegar,  composition,  493. 

French,  493. 

malt,  493. 

manufacture,  492. 

mother  of,  493. 

sulphmic  acid  in,  493. 

white  wine,  493. 
Vinic  acids,  524. 
Vitelline,  614. 
Vitriol-chambers,  203. 

corrosive  properties  of,  206. 
Vivianite,  324. 
Volcanic  ammonia,  267. 
Volcano,  artificial,  189. 
Voltameter,  33. 

Volume  of  gas,  calculation  of,  13. 
Volumes,  combining,  37. 

of  compoimd  gases,  37. 
Vulcanised  caoutchouc,  481. 
Vulcanite,  482. 

W,  TUNGSTEN,  392. 

Wad,  325. 

Walls,  efflorescence  on,  268. 
Washing  precipitates,  105. 
Wash-leather,  592. 

Watch-spring  for  burning  in  oxygen,  10. 
Water,  HO,  38. 

action  upon  metals,  23. 

analysis,  19. 

atorbic  formula,  HjO,  36. 
chemical  relations  of,  47. 
crystallisation  of,  46. 
decomposed  by  battery,  19. 

heat,  21. 

distilled,  45. 
electrolysis  of,  19. 
from  natural  sources,  38. 
-gas,  78. 
hard,  40. 

molecule,  H^Oj,  52. 
of  constitution,  49. 
of  crystallisation,  Aq.,  48. 
oxygenated,  50. 
purification,  45. 
soft,  40. 
synthesis,  33. 
Waterproof  cloth,  481. 

felt,  481. 

Waters,  ammonia  detected  in,  373. 

mineral,  45. 
Water-type  theory  of  acids  and  salts,  254. 
Watery  vapour,  47. 
Wavellite,  291. 
Wax,  bees',  583. 

bleaching,  583. 

Chinese,  583. 
Weld,  601. 
Welding,  315. 
Well-water,  39. 
Welsh  coal,  63. 
Whale-oil,  582. 
Wheat,  composition,  484. 

sprouted,  488. 
Wlieaten  flour,  494. 
Wliey,  609. 
Wliisky,  511. 
White  gunpowder,  158. 

iron,  308. 

lead,  358. 

manufacture,  358. 
ore,  PbO  .  CO,,  349. 
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White  metal,  Cu^S,  337. 

precipitate,  NH^Hg  .  HgCl,  371. 

fusible,  NHjHg.HCl,372, 

vitriol,  298. 
Willow-bark,  bitter  principle,  476. 
Windows,  crystals  on,  269. 
Wine,  509. 
Wines,  dry,  509. 

fruity,  509. 

proportion  of  alcohol  in,  510. 

red,  509. 

ropy,  492. 

white,  509. 
Winter-gi'sen  oil,  467. 
Wire  iron,  312. 
Witherite,  BaO .  CO^,  275. 
Wolfrain,  383,  392. 
Wood,  carbonisation  of,  57. 

-charcoal,  56. 

combustion,  56. 

composition,  464. 

destractive  distillation  of,  56,  464. 

for  gvmpowder-charcoal,  419. 

-naphtha,  C^HjO^,  466. 

preservation  of,  628. 

-smoke,  635. 

-spirit,  466. 

-tar,  465. 
Woody  fibre,  465. 
Wool,  617. 

Wool  and  cotton,  separation,  617. 
Worm,  45. 
Wormwood,  473. 
Wort,  489. 
Wrought  iron,  309. 

XAlJTHEmE,  601. 
Xanthine,  601. 
Xylidme,  460. 
Xyloidiue,  509. 
Xylole,  450. 

Yeast,  489. 

di-ied,  491. 
Yellow,  chrome,  332. 

dyes,  606. 

fire,  composition  for,  266. 
flowers,  601. 
ochre,  301. 
orpiment,  249. 
Paris,  359. 
Yttrium,  Y,  293. 


Yttrotantalite,  394. 

Zapfre,  329. 
Zinc,  Zn,  294. 

-acetimide,  552. 
action  of  air  on,  294. 

hydrochloric  acid  on,  149. 

sulphuric  acid  on,  297. 
on  water,  24. 
-alcohol,  531. 
-amalgam,  369. 
amalgamated,  368. 
-amide,  NHjZn,  551. 
-amyle,  533. 
and  oxygen,  9. 
arsenide,  246. 
arsenite,  244. 
boiUng-point,  295. 
carbonate,  294. 
chloride,  298. 

atomic  formula,  298. 
diatomic,  298. 
dissolved  by  potash,  298. 
distilled,  295. 

equivalent  and  atomic  weights,  298. 
-ethyle,  C,H,Zn,  531. 
extraction,  295. 

Belgian  method,  296. 
English  method,  295. 
SLlesian  method,  296. 
granulated,  25. 
hyposulphite,  213. 
identified,  297. 
impurities  in,  297. 
metallurgy  of,  295. 
-methyle,  532. 
nitride,  552. 
ores,  294. 
oxide,  ZnO,  298. 

atomic  formula,  298. 
in  glass,  410. 
oximide,  552. 
phenyUmide,  552. 
removal  of  lead  from,  297. 
sulphate,  ZnO .  SO,,  298. 

action  of  heat  on,  210. 
sulphide,  294. 
valerianate,  570. 
-white,  298. 
Zircon,  293. 
Zirconia,  293. 
Zirconium,  Zr,  293. 
ZnS,  sulphide  of  zinc,  294. 
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RHEUMATIC  ARTHRITIS.    8vo.  cloth,  with  a  Quarto  Atlas  of  Plates,  21s. 


'is 


MR.  WILLIAM   ADAMS,  F.R.C.S. 

ON  THE  PATHOLOGY  AND '  TEEATMENT  OE  LATEEAL  ? 

AND  OTHER  FORMS  OF  CURVATURE  OF  THE  SPINE.  With  Plates.  [ 
8vo.  cloth,  10s.  6d.  A 

CLUBEOOT  :  its  Causes,  Pathology,  and  Treatment.  Jacksonian  Piize  Essay  Y 
for  1864.    With  100  Engravings.    8vo.  cloth,  12s.  ^ 

III.  Y 

ON  THE  EEPAEATIVE  PEOOESS  IN  HUMAN  TENDONS 

AFTER  SUBCUTANEOUS  DIVISION  FOR  THE  CURE  OF  DEFORMITIES. 
With  Plates.    8vo.  cloth,  6s. 

SKETCH   OE  THE    PEINCIPLES  AND  PEACTIOE  OF 

SUBCUTANEOUS  SURGERY.    8vo.  cloth,  2s.  6d. 


DR.  WILLIAM   ADDISON,  F.R.S. 

CELL  THEEAPEUTICS.   8vo.  cloth,  4s. 
ON  HEALTHY  AND  DISEASED  STEUCTUEE,  and  the  True 

Principles  op  Treatment  for  the  Cure  of  Disease,  especially  Consumption 
AND  Scrofula,  founded  on  Microscopical  Analysis.    8vo.  cloth,  12s. 


DR.  ALOIS. 

AN  INTEODUCTION  TO  HOSPITAL  PEACTICE  IN  YAEIOUS 

COMPLAINTS ;  with  Remarks  on  their  Pathology  and  Treatment.    8vo.  cloth,  5s.  6d. 


DR.  SOMERVILLE  SCOTT  ALISON,  M.D.EDIN.,  F.R.C.P.  (i 

THE  PHYSICAL  EXAMINATION  OF  THE  CHEST  IN  PUL-  j 

MONARY  CONSUMPTION,  AND  ITS  INTERCURRENT  DISEASES.  With  f 
Engravings.    8vo.  cloth,  12s. 
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ON  EPILEPSY,  HYSTERIA,  AND  ATAXY.  Cr.  8vo.  cloth,  4.. 


THE  ANATOMICAL  EEMEMBEANCEE ;   OE,  COMPLETE 

POCKET  ANATOMIST.    Sixth  Edition,  carefiJly  Revised.    32mo.  cloth,  3s.  6(/. 


DR.    MCCALL   ANDERSON,  M.D. 

THE  PARASITIC  AFFECTIONS  OF  THE  SKIN.  Second 

Edition.    With  Engravings.    8vo.  cloth,  7s.  6d. 

II. 

ECZEMA.    Second  Edition.   8vo.  cloth,  65. 

III. 

PSORIASIS  AND  LEPRA.    With  Chromo-Uthograph.    8vo.  cloth,  5s. 


DR.   ANDREW   ANDERSON,  M.D. 

r  TEN  LECTURES  INTRODUCTORY  TO  THE  STUDY  OF  FEYER. 

^  Post  8vo.  cloth,  5s. 
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DR.  ARLIDGE. 

.    ON  THE  STATE  OF  LUNACY  AND  THE  LEGAL  PROYISION  f 

FOR  THE  INSANE ;  with  Observations  on  the  Construction  and  Organisation  of 
Asylums.    8vo.  cloth,  7s. 

DR.   ALEXANDER   ARMSTRONG,  R.N. 

■  OBSERYATIONS  ON  NAYAL  HYGIENE  AND  SCURYY. 

More  particularly  as  the  latter  appeared  during  a  Polar  Voyage.    8vo.  cloth,  5s. 

MR.  T.  J.  ASHTON. 

ON  THE  DISEASES,  INJURIES,  AND  MALFORMATIONS 

OF  THE  RECTUM  AND  ANUS.    Fourth  Edition.    8vo.  cloth,  8s. 

PROLAPSUS,  FISTULA  IN  ANO,  AND  IT^f  ORRHOIDAL 

AFFECTIONS  ;  their  Pathology  and  Treatment.  Second  Edition.  Post  8vo.  cloth  2s.  6rf. 
MR    THOS.  J.  AUSTIN,  M.R.O.S.ENG. 

A  PRACTICAL  ACCOUNT  OF  GENERAL  PARALYSIS  : 

ItsMentaland  Physical  Symptoms,  Statistics,  Causes,  Scat,  and  Treatment.  8vo.cloth,6s. 
DR    THOMAS    BALLARD,  M.D. 

!  A  NEW  AND  RATIONAL  EXPLANATION  OF  THE  DIS- 

FASrS  PECULIAR  TO  INFANTS  AND  MOTHERS;  with  obvious  Suggestions 
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I. 

A    MMUAL    OF    MEDICAL    DIAGNOSIS.     Second  Edition. 

Foolscap  8vo.  cloth,  8s.  6d. 

II. 

MEDICAL  EEEOES. — Fallacies  connected  with  the  Application  of  the 
Inductive  Method  of  Reasoning  to  the  Science  of  Medicine.    Post  8vo.  cloth,  5s. 

III. 

GOUT  AND  EHEUMATISM  IN  EELATION  TO  DISEASE 

OF  THE  HEART.    Post  8vo.  cloth,  5s. 


DR.  BARLOW. 

A  MANUAL  OE  THE  PEACTICE  OF  MEDICINE.  Second 

Edition.    Fcap.  Bvo,  cloth,  12s.  6d. 


DR.  BASCOME. 

A  HISTOET  OF  EPIDEMIC  PESTILENCES,  FEOM  THE 

EARLIEST  AGES.    8vo.  cloth,  8s. 


DR.  BASHAM. 


ON  DEOPSY,  AND  ITS  CONNECTION  WITH  DISEASES  OF 

THE  KIDNEYS,  HEART,  LUNGS  AND  LIVER.  With  16  Plates.  Third 
Edition.    8vo,  cloth,  12s.  6d. 


MR.  H.  F.  BAXTER,  M.R.C.S.L. 

ON  OEGANIC  POLAEITY;  showing  a  Connexion  to  exist  between 

Organic  Forces  and  Ordinary  Polar  Forces.    Crown  8vo.  cloth,  5s. 


MR.  BATEMAN. 

MAGNACOPIA :  a  Practical  Library  of  Profitable  Knowledge,  commu- 
nicating the  general  Minutis  of  Chemical  and  Pharmaceutic  Routine,  together  with  the 
generality  of  Secret  Forms  of  Preparations.    Third  Edition.    l8mo.  6s. 


MR.   LIONEL  J.   BEALE,  M.R.O.S. 

^^A^Nn^i^?  OF  HEALTH  IN  THEIE  EELATIONS  TO  MIND 
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DR.  BEALE,  F.R.S. 

ON   KIDNEY   DISEASES.   URINAET   DEPOSITS,  AND 

CALCULOUS  DISORDERS.  Third  Edition,  much  Enlarged.  With  70  Plates. 
8vo.  cloth,  25s.  u 

THE  MICROSCOPE,  IN  ITS  APPLICATION  TO  PRACTICAL 

MEDICINE.    Third  Edition.    With  58  Plates.     8vo.  cloth,  16s. 
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THE  BOOK  OF  PRESCRIPTIONS;   containing  3000  Prescriptions. 

Collected  from  the  Practice  of  the  most  eminent  Physicians  and  Surgeons,  English 
and  Foreign.    Third  Edition.    18mo.  cloth,  6s.  ' 
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THE  DRUGGIST'S  GENERAL  RECEIPT-BOOK:  comprising  a 
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Chemicals,  Miscellaneous  Preparations  and  Compounds  used  in  the  Arts,  &c. ;  with 
useful  Memoranda  and  Tables.    Sixth  Edition.    18mo.  cloth,  6s. 
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THE  POCKET  FORMULARY  AND  SYNOPSIS   OF  THE 

BRITISH  AND  FOREIGN  PHARMACOPCEIAS ;  comprising  standard  and 
approved  Formulee  for  the  Preparations  and  Compounds  employed  in  Medical  Practice. 
Eighth  Edition,  corrected  and  enlarged.    18mo.  cloth,  6s. 

DR.    HENRY  BENNET. 

A   PRACTICAL   TREATISE ON   INFLAMMATION  AND 

OTHER  DISEASES  OF  THE  UTERUS.  Fourth  Edition,  revised,  with  Additions. 
8vo.  cloth,  16s.  II 

A  REVIEW  OF  THE  PRESENT  STATE  (1856)  OF  UTERINE 

PATHOLOGY.    8vo.  cloth,  4s. 
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WINTER  IN  THE  SOUTH  OF  EUROPE;  OR,  MENTONE,  THE 

RIVIERA,  CORSICA,  SICILY,  AND  BIARRITZ,  AS  WINTER  CLIMATES. 
Third  Edition,  with  numerous  Plates,  Maps,  and -Wood  Engravings.    Post  8vo.  cloth, 

10s.  6d.   

PROFESSOR    BENTLEY,  F.L.8. 

A  MANUAL  OF  BOTANY.  With  nearly  1,200  Engravings  on  Wood. 
Fcap.  8vo.  cloth,  12s.  6d.   

DR.  BERNAYS. 

NOTES  FOR  STUDENTS  IN  CHEMISTRY;  being  a  Syllabus  com- 
piled  from  the  Manuals  of  Miller,  Fownes,  Berzolius,  Gerhardt,  Gorup-Besanez,  &c. 
Fourth  Edition.    Fcap.  8vo.  cloth,  3s. 

MR.   HENRY   HEATHER  BIQQ. 

ORTHOPRAXY:  the  Meclianical  Treatment  of  Deformities,  Debilities,  and 
Deficiencies  of  the  Human  Frame.    With  Engravings.    Post  8vo.  cloth,  10s. 
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OF  VARIOUS  DISEASES  OTHERWISE  INCURABLE  OR  VERY 
INTRACTABLE.    Second  Edition.    Post  8vo.  cloth,  3s.  Qd. 
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CONSTIPATED  BOWELS  :  the  Various  Causes  and  the  Different  Means 

of  Cure.    Third  Edition.    Post  8vo.  cloth,  3s.  6d. 

DR.   GOLDING    BIRD,  F.R.S. 

URINARY  DEPOSITS;  THEIR  DIAGNOSIS,  PATHOLOGY, 

AND  THERAPEUTICAL  INDICATIONS.  With  Engravings.  Fifth  Edition. 
Edited  liy  E.  Llotd  Biekett,  M.D.    Post  8vo.  cloth,  10s.  6d. 

MR.   BISHOP,  F.R.S. 

ON  DEEORMITIES  OE  THE  HUMAN  BODY,  their  Pathology 

and  Treatment.    With  Engravings  on  Wood.    8vo.  cloth,  10s, 

ON  ARTICULATE  SOUNDS,  'aND  ON  THE  CAUSES  AND 
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PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDREN 
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with  Notes  and  Additions.    8vo.  cloth.  20s. 
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OUTLINES  OE  THE  VETERINARY  ART;  OR,  A  TREATISE 

ON  THE  ANATOMY,  PHYSIOLOGY,  AND  DISEASES  OF  THE  HORSE, 
NEAT  CATTLE,  AND  SHEEP.    Seventh  Edition.    By  Charles  Steel,  M.R.C.V.S.L. 

With  Plates.    8vo.  cloth,  18s.   

MR.  BLOXAM. 

CHEMISTRY,  INORGANIC  AND  ORGANIC ;  with  Experiments 
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DR.  BOURGUIGNON. 

ON  THE  CATTLE  PLAGUE;  OR,  CONTAGIOUS  TYPHUS  IN 

HORNED  CATTLE :  its  History,  Origin,  Description,  and  Treatment.    Post  8vo.  5s. 
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tion.    Post  8vo.  cloth,  9s. 
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Anatomy  and  Physiology;  being  Lectures  delivered  at  St,  Thomas's  Hospital.  Second 
Edition.  8vo.  cloth,  10s.  6d.  II. 

IlYIESTIML  OBSTRUCTION.    Edited  by  De.  Buzzard.    Post  8vo. 
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ANALOGOUS  DISTORTIONS  involving  the  TIBIO-TARSAL  ARTICULATION. 
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PRACTICAL  OBSERYATIONS  ON  THE  DISEASES  OF  THE 

JOINTS  INVOLVING  ANCHYLOSIS,  and  on  the  TREATMENT  for  the 
RESTORATION  of  MOTION.    Third  Edition,  much  enlarged,  8vo.  cloth,  4s.  6d. 


i  MR    BROOKE,  M.A.,  MB.,  F.R.S. 

I  ELEMENTS  OF  NATURAL  PHILOSOPHY.  Based  on  the  Work  of 
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MR.   THOMAS    BRYANT,  F.R.O.S. 

ON  THE  DISEASES  AND  INJURIES  OF  THE  JOINTS. 

CLINICAL  AND  PATHOLOGICAL  OBSERVATIONS.  Post  8vo.  cloth,  7s.  6rf. 
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CLINICAL  SURGERY.    Parts  I.  to  VII.    8vo.,  3s.  6d.  each. 

DR.    BUCKLE,   M.D.,  L.R.O.P.LOND. 

YITAL  AND  ECONOMICAL  STATISTICS  OF  THE  HOSPITALS, 

INFIRMARIES,  &c.,  OF  ENGLAND  AND  WALES.    Royal  8vo.  5s. 
DR   JOHN  CHARLES  BUCKNILL,  F.R.S.,  8c  DR.  DANIEL  H.  TUKE. 

A  MANUAL  OF  PSYCHOLOGICAL  MEDICINE:  containing 

the  History,  Nosology,  Description,  Statistics,  Diagnosis,  Pathology,  and  Treatment  of 
Insanity.    Second  Edition.    8vo.  cloth,  ISs. 

DR.    BUDD,  F.R.S. 

ON  DISEASES  OF  THE  LIYER. 

^*     Illustrated  with  Coloured  Plates  and  Engravings  on  Wood.  Third  Edition.   8 vo.  cloth,  16s.  ^ 

i  ON  THE  ORGANIC  DISEASES  AND  FUNCTIONAL  DIS 
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MR.   CALLENDER,  F.R.C.S. 

FEMOEAL  ETJPTUEE:  Anatomy  of  the  Parts  concerned.  With  Plates. 

8yo.  cloth,  4s. 

DR.  JOHN    M.   CAMPLIN,  F.L.S. 

ON  DIABETES,   AND   ITS   SUCCESSFUL  TEEATMENT. 

Third  Edition,  by  Dr.  Glover.    Fcap.  8vo.  cloth,  3s.  6d. 

MR.    ROBERT    B.   CARTER,  M.R.C.S. 

ON  THE  INFLUENCE  OF  EDUCATION  AND  TEAINING 

IN  PREVENTING  DISEASES  OF  THE  NERVOUS  SYSTEM.  Fcap.  8vo.,  6s. 

THE  PATHOLOGY  AND  TEEATMENT  OF  HTSTEEIA.  Post 

8vo,  cloth,  4s.  6d. 


DR.  CARPENTER,  F.R.S. 

PEINCIPLES  OF  HUMAN  PHYSIOLOGY.  With  numerous  nius- 

trations  on  Steel  and  Wood.    Sixth  Edition.    Edited  by  Mr.  Henkt  Powek.  8vo. 
cloth,  26s.  II. 

A  MANUAL  OF  PHYSIOLOGY.     With  252  lUustrations  on  Steel 

and  Wood.    Fourth  Edition.    Fcap.  8vo.  cloth,  1 2s.  6(i. 
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THE  MICEOSCOPE  AND  ITS  EEVELATIONS.    With  more 

than  400  Engravings  on  Steel  and  Wood.    Fourth  Edition.    Fcap.  8yo.  cloth,  12s.  6d. 
MR.  JOSEPH    PEEL   CATLOW,  M.R.C.S. 

ON  THE  PEINCIPLES  OF  iESTHETIC  MEDICINE ;  or  the 

Natural  Use  of  Sensation  and  Desire  in  the  Maintenance  of  Health  and  the  Treatment 
of  Disease.    8vo.  cloth,  9s. 

DR.  CHAMBERS. 

LECTUEES,  CHIEFLY  CLINICAL.  Fourth  Edition.  8vo.  cloth,  14s. 

THE  INDIGESTIONS  OE  DISEASES  OF  THE  DIGESTIYE 

ORGANS  FUNCTIONALLY  TREATED.    Second  Edition.    8vo.  cloth,  10s.  6d. 

III. 

SOME  OF  THE  .EFFECTS  OF  THE  CLIMATE  OF  ITALY. 

Crown  8vo.  cloth,  4s.  6d.  ^  

DR.   CHANCE,  M.B. 

YIECHOW'S  CELLULAE  PATHOLOGY,  AS  BASED  UPON 

PHYSIOLOGICAL  AND  PATHOLOGICAL  HISTOLOGY.    With  144  Engrav- 
ings on  Wood.    8vo.  cloth,  16s. 

MR.  H.    T.  CHAPMAN,  F.R.C.S. 

THE  TEEATMENT  OF  OBSTINATE  ULCEES  AND  CUTA- 

NEOUS  ERUPTIONS  OF  THE  LEG  WITHOUT  CONFINEMENT.  Third 
Edition.    Post  8vo.  cloth,  3s.  6d.  ^ 

II.  j 

YAEICOSE  YEINS  :  their  Nature,  Consequences,  and  Treatment,  Pallia- 
tive  and  Curative.    Second  Edition.    Post  8vo.  ploth,  3s.  6rf,  ^ 
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MR.  PYE  HENRY  CHAVASSE,  F.R.C.S. 

ADVICE  TO  A  MOTHER  ON  THE  MANAGEMENT  OE 

HER  CHILDREN.    Ninth  Edition.    Foolscap  8vo.,  2s.  6d. 

ADVICE  TO  A  WIEE  ON  THE  MANAGEMENT  OF  HER 

OWN  HEALTH.    With  an  Introductory  Chapter,  especially  addressed  to  a  Young 
Wife.    Eighth  Edition.    Fcap.  8vo.,  2s.  6d. 


MR.   LE    GROS    CLARK,  F.R.C.S. 

OUTLINES  OE  SURGERY ;  being  an  Epitome  of  the  Lectures  on  the 

Principles  and  the  Practice  of  Surgery  delivered  at  St.  Thomas's  Hospital.  Fcap.  8vo, 
cloth,  5s. 

MR.   JOHN    CLAY,  M.R.C.S. 

KIWISCH  ON  DISEASES  OE  THE  OVARIES:  Translated, by 
permission,  from  the  last  German  Edition  of  his  Clinical  Lectures  on  the  Special  Patho- 
logy and  Treatment  of  the  Diseases  of  Women.  With  Notes,  and  an  Appendix  on  the 
Operation  of  Ovariotomy.    Royal  12mo.  cloth,  16s. 


DR.    COCKLE,  M.D. 

ON  INTRA-THORACIC  CANCER.  8vo.  6^.  6^. 


MR.  COLLIS,    M.B.DUB.,  F.R.C.S.I. 

THE  DIAGNOSIS  AND  TREATMENT   OF  CANCER  AND 

THE  TUMOURS  ANALOGOUS  TO  IT.    With  coloured  Plates.    8vo.  cloth,  14s. 


MR.  COOLEY. 

COJIPREHENSIVE  SUPPLEMENT  TO  THE  PHARlIACOPffilAS. 

THE  CYCLOPiEDIA  OF  PRACTICAL  RECEIPTS,  Pro- 
cesses, AND  COLLATERAL  INFORMATION  IN  THE  ARTS,  MANU- 
FACTURES, PROFESSIONS,  AND  TRADES,  INCLUDING  MEDICINE, 
PHARMACY,  AND  DOMESTIC  ECONOMY ;  designed  as  a  General  Book  of 
Reference  for  the  Manufacturer,  Tradesman,  Amateur,  and  Heads  of  Families.  Fourth 
and  greatly  enlarged  Edition,  8vo.  cloth,  28s. 


MR.   W.   WHITE  COOPER. 

ON  WOUNDS  AND  INJURIES  OF  THE  EYE.  illustrated  by 

17  Coloured  Figures  and  41  Woodcuts.    8vo.  cloth,  12s. 

ON  NEAR  SIGHT,   AGED  "siGHT,  IMPAIRED  VISION, 

AND  THE  MEANS  OF  ASSISTING  SIGHT.  With  31  Illustrations  on  Wood. 
Second  Edition.    Fcap.  8vo.  cloth,  7s.  6rf. 

SIR    ASTLEY   COOPER,   BART.,  F.R.S. 

ON  THE  STRUCTURE  AND  DISEASES  OF  THE  TESTIS. 

With  24  Plates.    Second  Edition.    Royal  4to.,  20s. 
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MR.  COOPER. 

A  DICTIONAET  OF  PEACTICAL  STIEGEEY  AND  ENCYCLO- 

PjGDIA  of  surgical  science.  New  Edition,  brought  down  to  the  present 
time.  By  Samuel  A.  Lane,  F.R.C.S.,  assisted  by  various  eminent  Surgeons.  Vol.  I., 
8vo.  cloth,  £1,  5s. 


MR.   HOLMES    GOOTE,  F.R.O.S. 

A  EEPOET  ON  SOME  IMPOETANT  POINTS  IN  THE 

TREATMENT  OF  SYPHILIS.    8vo.  cloth,  5s. 

DR.  COTTON. 

PHTHISIS  AND  THE  STETHOSCOPE;  OK.  THE  PHYSICAL 

SIGNS  OF  CONSUMPTION.    Third  Edition.    Foolscap  Ovo.  cloth,  3s. 


MR.  COULSON. 

ON  DISEASES  OE  THE  BLADDEE  AND  PEOSTATE  GLAND. 

New  Edition,  revised.    In  Preparation. 

MR.   WALTER    COULSON,  F.R.O.S. 

STONE  IN  THE  BLADDEE  :  with  Special  Eefevence  to  its  Prevention,  f 

Early  Symptoms,  and  Treatment  by  Lithotrity.    8vo.  cloth,  6s.  ^ 
MR.   WILLIAM    CRAIG,    L.F.P.S.,  GLASGOW.  ^ 

ON  THE  INFLUENCE  OF  YAEIATIONS  OF  ELECTEIC  g 

TENSION  AS  THE  REMOTE  CAUSE  OF  EPIDEMIC  AND  OTHER  T 
DISEASES.    8vo.  cloth,  10s.   S 

MR.  CURLING,  F.R.S.  f 

OBSEEYATIONS  ON  DISEASES  OF  THE  EECTUM.  Third 

Edition.    8vo.  cloth,  7s.  6c/.  jj 

A  PEACTICAL  TEEATISE  ON  "DISEASES  OF  THE  TESTIS, 

SPERMATIC  CORD,  AND  SCROTUM.    Third  Edition,  with  Engravings.  8vo. 
cloth,  16s. 

DR.  WILLIAM  DALE,  M.D.LOND. 

A  COMPENDIUM  OF  PEACTICAL  MEDICINE  AND  MOEBID 

ANATOMY.    With  Plates,  12mo.  cloth,  7s. 


DR.    DALRYMPLE,   M.R.C.P.,  F.R.O.S. 

THE  CLIMATE  OF  EGYPT:  METEOEOLOGICAL  AND  MEDL 

CAL  OBSERVATIONS,  with  Practical  Hints  for  Invalid  Travellers.  Post  8vo.  cloth,  4s. 
MR.  JOHN    DALRYMPLE,   F.R.S.,  F.R.O.S. 

PATHOLOGY  OF  THE  HUMAN  EYE.    Complete  iu  Nine  Fasciculi: 
imperial  4to.,  SOs.  each;  half-bound  morocco,  gilt  tops,  9/.  15s. 


DR.  HERBERT  DAVIES. 

ON  THE  PHYSICAL  DIAGNOSIS  OF  DISEASES  OF  THE 

LUNGS  AND  HEART.    Second  Edition.    Post  8vo.  cloth,  8*.  «S 
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DR.    D  A  V  E  Y. 

THE  aANGLIONIC  NERVOUS'SYSTEM :  its  structure,  Functions, 

and  Diseases.    8vo.  cloth,  9s.  ii. 

ON  THE  NATUEE  MD  PEOXIMATE  CAUSE  OE  IN- 

SANITY.    Post  8vo.  cloth,  3s.  

DR.  HENRY  DAY,  M.D.,  M.R.C.P. 

CLINICAL  HISTORIES;  with  Comments.    8vo.  cloth,  75.  6d. 

MR.  DIXON. 

A  GUIDE  TO  THE  PRACTICAL  STUDY  OE  DISEASES  OE 

THE  EYE.    Third  Edition.    Post  8 vo.  cloth,  9s. 

DR.  DOBEUL. 

DEMONSTRATIONS  OE  DISEASES  IN  THE  CHEST.  AND 

THEIR  PHYSICAL  DIAGNOSIS.    With  Coloured  Plates.   8vo.  cloth,  12s.  6d. 

LECTURES  ON  THE  GERMS  AND  YESTIGES  OF  DISEASE, 

and  on  the  Prevention  of  the  Invasion  and  Fatality  of  Disease  by  Periodical  Examinations. 
8vo.  cloth,  6s.  6d.  m. 

ON  TUBERCULOSIS :  ITS  NATURE,  CAUSE,  AND  TREAT- 

MENT;  with  Notes  on  Pancreatic  Juice.    Second  Edition.    Crown  8vo.  cloth,  3s.  6d. 

LECTURES  ON  WIOTER  COUGH  (CATARRH,  BRONCHITIS, 

EMPHYSEMA,  ASTHMA);  with  an  Appendix  on  some  Principles  of  Diet  m 
Disease.    Post  8vo.  clothj  5s.  6d. 

LECTURES  ON  THE  TRUE  FIRST  STAGE  OF  CONSUME- 

TION.    Crown  8vo.  cloth,  3s.  6d.  

DR.  TOOGOOD  DOWNING. 

NEURALGIA:   its  various  Forms,  Pathology,  and  Treatment.  The 
Jacksonian  Pkize  Essay  for  1850.    8vo.  cloth,  10s.  6d. 

DR.   DRUITT,  F.R.CiS. 

THE  SURGEON'S  YADE-MECUM;  with  numerous  Engravings  on 
Wood.    Ninth  Edition.    Foolscap  8 vo.  cloth,  12s.  W. 

MR.  DUNN,  F.R.C.S. 

PSYCHOLOGY-PHYSIOLOGICAL,  4..;  MEDICAL,  35. 

MR.  ERNEST  EDWARDS,  B.A.  * 

PHOTOGRAPHS  OF  EMINENT  MEDICAL  MEN,  with  brief 

Analytical  Notices  of  their  Works.    Vols.  I.  and  II.  (24  Portraits),  4to.  cloth,  24s.  each. 
SIR   JAMES    EYRE,  M.D. 

THE  STOMACH  AND  ITS  DIFFICULTIES,    sixth  Edition. 

Fcap.  8vo.,  2s.  6d.  II. 

PRACTICAL  REMARKS   ON   SOME   EXHAUSTING  DIS- 

EASES.    Second  Edition.   Post  8vo.  cloth,  4s.  6d. 

DR.  FAYRER,  M.D.,  F.R.C.S.,  C.S.I. 

CLINICAL  SURGERY  IN  INDIA.  With  Engravings.  8vo.  cloth,  165. 
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DR.  FENWICK. 

THE  MOEBID  STATES  OE  'tHE  STOMACH  MJ)  DHO- 

DENUM,  AND  THEIR  RELATIONS  TO  THE  DISEASES  OF  OTHER 
ORGANS.    With  10  Plates.    8vo.  cloth,  12s. 

ON  SCEOFIJLA  AND  CONSUMPTION.    Clergyman's  Sore  Throat, 

Catarrh,  Croup,  Bronchitis,  Asthma.    Fcap.  8vo.,  2s.  6d. 

SIR  WILLIAM  FERGUSSON,  BART.,  F.R.S. 

A  SYSTEM  OF  PRACTICAX  SIJEGERY:  with  numerous  Illus- 
trations on  Wood.    Fourth  Edition.    Fcap.  8vo.  cloth,  12s.  6d. 

LECTUEES   ON  THE   PEOGEESS   OF   ANATOMY  AND 

SURGERY  DURING  THE  PRESENT  CENTURY.  With  numerous  Engravings. 
8vo.  cloth,  10s.  6(1. 

SIR  JOHN    FIFE,  F.R.C.S.  AND    MR.  URQUHART. 

MANUAL  OF  THE  TUEKISH  BATH.     Heat  a  Mode  of  Cure  and 

a  Source  of  Strength  for  Men  and  Animals.    With  Engravings.    Post  8vo.  cloth,  5s. 
MR.  FLOWER,  F.R.S.,  F.R.C.S. 

DIAGRAI^rS  OF  THE  NEEYES  OF  THE  HUMAN  BODY, 

exhibiting  their  Origin,  Divisions,  and  Connexions,  with  their  Distribution  to  the  various 
Regions  of  the  Cutaneous  Surface,  and  to  all  the  Muscles.  Folio,  containing  Six 
Plates,  14s.  ♦ 


MR.  FOWNES,  PH.D.,  F.R.S. 

A   MANUAL    OF    CHEMISTEY;  with  187  illustrations  on  Wood, 

Tenth  Edition.    Fcap.  8vo.  cloth,  14s.  ^ 
Edited  by  H.  Benoe  Jones,  M.D.,  F.R.S.,  and  Henry  Watts,  B.A.,  F.R.S. 

CHEMISTEY,  AS  EXEMPLIFYING  THE  WISDOM  AND 

BENEFICENCE  OF  GOD.    Second  Edition.    Fcap.  8 vo.  cloth,  4s.  6i. 

III. 

INTEODUCTION  TO  QUALITATIYE  ANALYSIS.  Post  8yo.  cloth,  2.. 

DR.   D.  d.   T.  FRANCIS. 

CHANGE  OF  CLIMATE;  considered  as  a  Eemcdy  in  Dyspeptic,  Pul- 
monary, and  other  Chronic  Aifcctions;  with  an  Account  of  the  most  Eligible  Places  of 
Residence  for  Invalids,  at  different  Seasons  of  the  Year.    Post  8vo.  cloth,  8s.  6d. 
f   

DR.  W.  FRAZER. 

ELEMENTS   OF  MATEEIA   MEDICA;   containing  the  Chemistry 
and  Natural  History  of  Drugs — their  Effects,  Doses,  and  Adulterations.    Second  Edition. 

8vo.  cloth,  10s.  6d.   

DR.  FULLER. 

ON  DISEASES  OF  THE  LUNGS   AND  AIE  PASSAGES. 

Second  Edition.    8vo.  cloth,  12s.  6d. 

f  ON  DISEASES  OF  THE  HEAET  AND  GEEAT  YESSELS.  f 

i  8vo.  cloth,  7s.  6a!.  ill.  ' 

I  ON  EHEUMATISM,  EHEUMATIC  GOUT,  AND  SCIATICA: 

^S-         their  Pathology,  Symptoms,  and  Treatment.    Third  Edition.    8vo.  cloth,  12s.  6rf, 
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PROFESSOR  FRESENIUS. 

A  SYSTEM  OF  INSTRUCTION  IN  CHEMICAL  ANALYSIS 

Edited  by  Lloyd  Bui.lock,  F.C.S.  ' 

Qualitative     Seventh  Edition.    8vo.  cloth,  9s.  Quantitative.    Fourth  Edition. 

ovo.  cloth,  18s. 

MR.  GALLOWAY. 

THE  FIRST  STEP  IN  CHEMISTRY,    with  numerous  Engravings. 

Fourth  Edition.  Fcap.  Ovo.  cloth,  Cs.Ct/.    ii.  °  ° 

^  EJJS  ™^  EXERCISES  CONTAINED  IN  ABOYE.  Fcap. 

THE 'second  STEP  IN  CHEMISTRY;   or,  the  student's  Guide  to 
the  Higher  Branches  of  the  Science.    With  Engivaving-s.    8vo.  cloth  10s. 

IV. 

Apl«,c?£.WALITATiyE  ANALYSIS.  F„u>..h  Edition. 

CHEMICAL  TABLES.    On  Five  Large  Sheets,  for  School  and  Lecture 

Rooms.    Second  Edition.    4s.  6d. 

MR.  J.   SAMPSON  GAMGEE. 

HISTORY  OF  A  SUCCESSFUL  CASE  OF  AMPUTATION  AT 

THE  HIP-JOINT  (the  limb  48-in.  in  circumference,  99  pounds  weight).  With  4 
Photographs.    4to  cloth,  10s.  6d. 


■MR.   F.  J.   GANT,  F.R.C.S. 


THE  PRINCIPLES  OF  SURGERY  :    Clinical,  Medical,  and  Opera- 
tire.    With  Engravings.    8vo.  cloth,  18s. 


THE  IRRITABLE  BLADDER :  its  Causes  and  Curative  Treatment. 

Second  Edition,  enlarged.    Crown  8vo.  cloth,  5s. 

MR.   GAY,  F.R.C.S. 

ON  YARICOSE  DISEASE  OF  THE  LOWER  EXTREMITIES. 

Lettsomian  Lectures.    With  Plates.    8vo.  cloth,  5s. 

SIR  DUNCAN  GIBB,  BART.,  M.D. 

ON  DISEASES  OF  THE  THROAT  AND  WINDPIPE,  as 

reflected  by  the  Laryngoscope.  Second  Edition.  With  IIC  Engravings.  Post  8vo. 
cloth,  1  Os.  6d.  II. 

THE  LARYNGOSCOPE  IN  DISEASES  OF  THE  THROAT, 

with  a  Chapter  on  Ruinoscopy.  Third  Edition,  enlarged,  with  Engravings.  Crown 
8vo.,  cloth,  5s.   

ON  THE  NATURE,  PRFTENim'^fREATMENT,  AND  CURE 

OF  SPINAL  CURVATURES  nnd  DEFORMITIES  of  the  CHEST  .^nd  LIMI5S, 
without  ARTIFICIAL  SUPPORTS  or  any  MECHANICAL  APPLIANCES. 
Third  Edition,  Revised  and  Enlarged.    8vo.  cloth  5s. 

DR.   GORDON,    M.D.,  O.B. 

ARMY  HYGIENE.  Svo.cioth,  2V 

CHINA,  FROM  A  MEDICAl"'  POINT  OF  VIEW ;  IN  1800 

AND  1061 ;  With  a  Chapter  on  Nagasalu  v.s  a  Sanatariuni.    8vo.  cloth,  IDs.  6d. 
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DR.   GAIRDNER.  i 

ON  GOTJT  ;  its  History,  its  Causes,  and  its  Cure.    Fourth  Edition.    Post  * 

8vo.  cloth,  ds.  6il.   

DR.  GRANVILLE,  F.R.S. 

THE    MINEEAL   SPRINGS    OE    YICHY  :  their  Efficacy  in  the 

Treatment  of  Gout,  Indigestion,  Gravel,  &c.    8vo.  cloth,  3s, 

ON  SUDDEN  DEATH.    Post  Svo.,  2s.  6d. 


DR.   GRAVES    M.D.,  F.R.S. 

STUDIES  IN  PHYSIOLOGY  AND  MEDICINE.  Edited  by 

Dr.  Stokes.    With  Portrait  and  Memoir.    8vo.  cloth,  1 4s. 


DR.   S.   C.   GRIFFITH,  M.D. 

ON  DERMATOLOGY  AND  THE  TREATMENT   OF  SKIN 

DISEASES  BY  MEANS  OF  HERBS,  IN  PLACE  OF  ARSENIC  AND 
MERCURY.    Fcap.  8vo.  cloth,  3s. 


I 


MR.  GRIFFITHS. 

CHEMISTRY    OF    THE    FOUR    SEASONS -Spring,  Summer, 
Autumn,  Winter.    Illustrated  with  Engravings  on  Wood.    Second  Edition.    Foolscap  0 
Bvo.  cloth,  7s.  6d.   

THE  SIMPLE  TREATMENT  IdFMSEASE;  deduced  from  the 

Methods  of  Expectancy  and  Revulsion.    18mo.  cloth,  4s. 

DR.  GUY  AND    DR.  JOHN  HARLEY. 

HOOPER'S  PHYSICIAN'S  YADE-MECUM:  OE,  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.     Eighth  Edition.  With 
Engravings.    Foolscap  Svo.  cloth,  12s.  6d. 

GUY'S  HOSPITAL  REPORTS.    Third  Series.   Vol.  XIV.,  8yo.  7^.  6d. 

DR.  HABERSHON,  F.R.G.P. 

ON  DISEASES  OF  THE  ABDOMEN,  comprising  those  of  the 
Stomach  and  other  Parts  of  the  Ahmentary  Canal,  CEsophagus,  Stomach,  Cacuni, 
Intestines,  and  Peritoneum.   Second  Edition,  with  Plates.    Svo.  cloth,  14s. 

ON  THE  INJURIOUS  EFFECTS  OF  MERCURY  IN  THE 

TREATMENT  OF  DISEASE.    Post  Svo.  cloth,  3s.  6rf. 


DR.   C.  RADCLYFFE  HALL. 

TORQUAY  IN  ITS  MEDICAL  ASPECT  AS  A  RESORT  FOR 

PULMONARY  INVALIDS.    Post  Svo.  cloth,  5s. 

DR.  MARSHALL   HALL,  F.R.S. 

PRONE  AND  POSTURAL  RESPIRATION  IN  DROWNING 

I         AND   OTHER   FORMS  OF  APNCEA   OR   SUSPENDED  RESPIRATION. 
Post  Svo.  cloth.  5s.  n. 

1/  PRACTICAL  OBSERYATIONS  AND  SUGGESTIONS  IN  MEDI- 

^        CINE.    Scrona  SnifS.    Post  Svo.  cloth,  8s.  6d.  ^ 
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MR.  HARDWICH. 

A    MANUAL    OF   PHOTOGRAPHIC    CHEMISTRY.  With 

Engravings.    Seventh  Edition.    Foolscap  8vo.  cloth,  7s.  6rf, 


DR.  J.    BOWER    HARRISON,   M.D.,  M.R.C.P. 

LETTERS  TO  A  YOMG  PRACTITIONER  ON  THE  Dis- 
eases OF  CHILDREN.    Foolscap  8vo.  cloth,  3s. 

ON  THE  CONTAMINATION  OF  WATER  BY  THE  POISON 

OF  LEAD,  and  its  Effects  on  the  Human  Body.    Foolscap  8vo.  cloth,  3s.  ^d. 


Fcap. 


DR.  HARTWIG. 

ON  SEA  BATHING  AND  SEA  AIR.     Second  Edition. 

8vo.,  2s.  6d  II. 

ON  THE  PHYSICAL  EDUCATION  OF  CHILDREN.  Fcap. 

8vo.,  2s.  6rf.   

DR.  A.    H.  HASSALL. 

THE  URINE,  IN  HEALTH  AND  DISEASE ;  being  an  Ex- 

planation  of  the  Composition  of  the  Urine,  and  of  the  Pathology  and  Treatment  of 
Urinary  and  Renal  Disorders.  Second  Edition.  With  79  Engravings  (23  Coloured). 
Post  8vo.  cloth,  12s.  6f/. 

THE  MICROSCOPIC  ANATOMY  OF  THE  HUMAN  BODY, 

IN  HEALTH  AND  DISEASE.  Illustrated  with  Several  Hundred  Drawings  in 
Colour.    Two  vols.  8vo.  cloth,  £1.  10s. 


MR.  ALFRED    HAVILAND,  M.R.C.S. 

CLIMATE,  WEATHER,  AND  DISEASE;  being  a  Sketch  of  the 

Opinions  of  the  most  celebrated  Ancient  and  Modern  Writers  with  regard  to  the  Influence 
of  Climate  and  Weather  in  producing  Disease.  With  Four  coloured  Engravings.  8vo. 
cloth,  7s. 

DR.    HEADLAND,   M.D.,  F.R.C.P. 

ON  THE  ACTION  OF  MEDICINES  IN  THE  SYSTEM. 

Fourth  Edition.    8vo.  cloth,  14s. 

ir. 

A  MEDICAL  HANDBOOK ;  comprehending  such  Information  on  Medical 
and  Sanitary  Subjects  as  is  desirable  in  Educated  Persons.  Second  Thous.ind.  Foolscap 
Bvo.  cloth,  Ss. 

DR.  HEALE. 

;  A  TREATISE  ON  THE  PHYSIOLOGICAL  ANATOMY  OF  ^ 

THE   LUNGS.    With  Engravings.    Bvo.  cloth,  8s. 

),  II. 
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A  TREATISE  ON  VITAL  CAUSES.  Svo.  cloth,  9^. 
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$  MR.   CHRISTOPHER   HEATH,  F.R.C.S. 

I, 

PEACTICAL  ANATOMY :  a  Manual  of  Dissections.    With  numerous 

Engravings.    Fcap.  8vo.  clotli,  10s.  Gd, 

A  MANUAL  OE  MINOE  SURGERY  AND  BANDAGING,  EOR 

THE  USE  OF  HOUSE-SURGEONS,  DRESSERS,  AND  JUNIOR  PRAC- 
TITIONERS.   With  Illustrations.    Third  Edition.    Fcap.  8vo.  cloth,  5s. 

III. 

INJURIES  AND  DISEASES  OF  THE  JAWS.  Jacksonian 

Prize  Essat,    With  Engravings.    8vo.  cloth,  12s. 

MR.  HIGGINBOTTOM,   F.R.S.,  F.R.C.S.E. 

A  PRACTICAL  ESSAY  ON  THE  USE  OF  THE  NITRATE  OF 

SILVER  IN  THE  TREATMENT  OF  INFLAMMATION,  WOUNDS,  AND 
ULCERS.    Third  Edition,  8vo.  cloth,  6s. 


THE  HARMONIES  OF  PHYSIcirSCIENCE  IN  RELATION 

TO  THE  HIGHER  SENTIMENTS;  with  Observations  on  Medical  Studies,  and  on 
the  Moral  and  Scientific  Relations  of  Medical  Life.    Post  8vo.  cloth,  4s. 


MR.  J.  A.  HINGESTON,  M.R.C.S. 

TOPICS  OF  THE  DAY,  MEDICAL,  SOCIAL,  AND  SCIENTIFIC. 

Crown  8vo.  cloth,  7s.  6cl, 


DR.  HODGES. 

THE  NATURE,  PATHOLOGY,  AND  TREATMENT  OF  PUER- 

PERAL  CONVULSIONS.    Crown  8vo.  cloth,  3s, 


DR.    DECIMUS  HODGSON. 

THE  PROSTATE  GLAND,  AND  ITS  ENLARGEMENT  IN 

OLD  AGE.    With  12  Plates,    Royal  8vo.  cloth,  6s. 


MR.  JABEZ  HOGG. 

A  MANUAL  OF  OPHTHALMOSCOPIC  SURGERY;  being  a 

Practical  Treatise  on  the  Use  of  the  Ophthalmoscope  in  Diseases  of  the  Eye.  Third 
Edition,    With  Coloured  Plates.    8vo.  cloth,  10s.  6c/. 


MR.  LUTHER   HOLDEN,  FR.C.S. 
I. 

HUMAN    OSTEOLOGY :  with  Plates,  showing  tlie  Attachments  of  the 

Muscles.    Third  Edition,    tivo.  cloth,  16s. 

A  MANUAL  OF  THE  DISSECTION  OF  THE  HUMAN  BODY. 

With  Engravings  on  Wood.    Third  Edition.    8vo.  cloth,  16s. 


i  MR.    BARNARD    HOLT,  F.R.C.S. 

I  ON  THE  IMMEDIATE  TREATMENT  OF  STRICTURE  OF 

<^         THE  URETHRA.     Tliird  Edition,  Enlarged.     8vo.  cloth,  6s. 

®^  >  ■■  3«--*5#>l 


^m^*^  —  

MESSRS.  CHURCHILL  &  SONs'  PUBLICATIONS. 


— ^  —   30  ^ 

SIR    CHARLES    HOOD,  M.D. 

SUGGESTIONS  FOR  THE  FUTURE  PROYISION  OF  CRIMI- 

NAL  LUNATICS.    8vo.  cloth,  5s.  6d. 

THE  SUCCESSFUL  TRMTMENT°bF   SCARLET  FEVER- 

also,  OBSERVATIONS  ON  THE  PATHOLOGY  AND  TREATMENT  OF 
CROWING  INSPIRATIONS  OF  INFANTS.    Post  8vo.  cloth,  5s. 


MR.  JOHN  HORSLEY. 

A  CATECHISM  OF  CHEMICAL  PHILOSOPHY;  bebg  a  Familiar 

Exposition  of  the  Principles  of  Chemistry  and  Physics.  With  Engravings  on  Wood. 
Designed  for  the  Use  of  Schools  and  Private  Teachers.    Post  8vo.  cloth,  6s.  6d. 


DR.   JAMES   A.   HORTON,  M.D. 

PHYSICAL  AND  MEDICAL  CLIMATE  AND  METEOROLOGY 

OF  THE  WEST  COAST  OF  AFRICA.    8vo.  cloth,  10s. 

MR.   LUKE    HOWARD,  F.R.S. 

ESSAY  ON  THE  MODIFICATIONS  OF  CLOUDS.    Third  Edition, 

by  W.  D.  and  E.  Howard.  With  6  Lithographic  Plates,  from  Pictures  by  Kenyon. 
4  to.  cloth,  10s.  6(/. 


DR.   HAMILTON    HOWE,  M.D. 

A  THEORETICAL  INQUIRY  INTO  THE  PHYSICAL  CAUSE 

OF  EPIDEMIC  DISEASES.    Accompanied  with  Tables.    8vo.  cloth,  7s. 


DR.  HUFELAND. 

THE   ART    OF    PROLONGING   LIFE.    Second  Edition.  Edited 
by  Er/VSmus  Wilson,  F.R.S.    Foolscap  8vo.,  2s.  6d, 


MR.  W.  CURTIS    HUGMAN,  F.R.C.S. 

ON  HIP- JOINT  DISEASE;  with  reference  especially  to  Treatment 
by  Mechanical  Means  for  the  Relief  of  Contraction  and  Deformity  of  *he  Affected  Limb. 
With  Plates.    Re-issue,  enlarged.    8vo.  cloth,  3s.  6d. 


MR.   HULKE,  F.RC.S. 

A    PRACTICAL    TREATISE    ON    THE    USE    OF  THE 

OPHTHALMOSCOPE.  Being  the  Jacksonian  Prize  Essay  for  1859.  Royal  8vo. 
cloth,  8s. 


DR.   HENRY  HUNT. 

ON  HEARTBURN  AND  INDIGESTION.    8vo.  cloth,  5*. 


MR.  G.  Y.  HUNTER,  M.R.C.S. 

BODY    AND    MIND  :    the  Nervous  System  and  its  Derangements.  V/ 
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Unpointed  Hebrew  Text  of  the  Book  of  Genesis,  showing  the  General  Scientific  Accuracy  ^ 
of  the  Cosmogony  of  Moses  and  the  Philosophy  of  Creation.    8vo.  cloth,  14s.  ^ 

ON  ECCENTRIC  AND  CENTRIC  FORCE:  a  New  Theory  of 

Projection.    With  Engravings.    8vo.  cloth,  10s. 

nr. 

ON  ORBITAL  MOTION:  The  Outlines  of  a  System  of  Physical 
Astronomy.    With  Diagrams.    8vo.  cloth,  7s.  6d. 

IV. 

ASTRONOMICAL  INYESTIGATIONS.  The  Cosmlcal  Relations  of 
the  Revolution  of  the  Lunar  Apsides.   Oceanic  Tides.  With  Engravings.   8vo.  cloth,  6s. 

V. 

THE  ORACLES  OF  GOD :  An  Attempt  at  a  Re-interpretation.  Part  1. 
The  Revealed  Cosmos.    8vo.  cloth,  10s. 

THE  PRESCRIBER'S  PHARMACOPOEIA;  containing  all  the  Medi- 
cines in  the  Brilisli  Pliarmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a  Practising  Physician.  Fifth  Edition.  32mo. 
cloth,  2s.  Gd.;  roan  tuck  (for  the  pocket),  .3s.  Gd. 

DR.  JOHN    ROWLISON  PRETTY. 

AIDS  DURING  LABOUR,  including  the  Administration  of  Chloroform, 
the  Management  of  Placenta  and  Post-partiim  Hremorrhage.    Fcnp.  8vo.  cloth,  4s.  Gd. 

MR.    P.   C.   PRICE,  F.R.CS. 

AN  ESSAY  ON  EXCISION  OF  THE  KNEE-JOINT.  With 

Coloured  Plates.     With  Memoir  of  the  Author  and  Notes  by  Henry  Smith,  F.R.CS. 
Royal  8vo.  cloth,  14s. 
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MR.   LAKE  PRICE. 

PHOTOGEAPHIC  MANIPULATION:  A  Manual  treating  of  the 
Practice  of  the  Art,  and  its  various  Applications  to  Nature.  With  numerous  Engravings. 
Second  Edition.    Crown  8vo.  cloth,  6s.  Gd. 

DR.  PRIESTLEY. 

LECTUEES  ON  THE  DEVELOPMENT  OF  THE  GEAYID 

UTERUS.    8vo.  cloth,  5s.  Qd.   

DR.   RADCLIFFE,  F.R.C.P.L. 

LECTUEES   ON   EPILEPTIC,  SPASMODIC.  NEUEALGIC, 

AND  PARALYTIC  DISORDERS  OF  THE  NERVOUS  SYSTEM,  deKvered  at 
the  Royal  College  of  Physicians  in  London.    Post  8vo.  cloth,  7s.  M. 

M  r:  r  a  I  n  e  y. 

ON  THE  MODE  OF  FOEMATION  OF  SHELLS  OF  ANIMALS, 

OF  BONE,  AND  OF  SEVERAL  OTHER  STRUCTURES,  by  a  Process  of 
Molecular  Coalescence,  Demonstrable  in  certain  Artificially-formed  Products.  Fcap.  8vo. 
cloth,  4s.  M. 


PROFESSOR    REDWOOD,  PH.D. 

A  SUPPLEMENT  TO  THE  PHAEMACOPCEIA ;  a  concise  but 

comprehensive  Dispensatory,  and  Manual  of  Facts  and  Formulae,  for  the  use  of  Practi- 
tioners in  Medicine  and  Pharmacy.    Third  Edition.    8vo.  cloth,  22s. 


DR.    DU    BOIS  REYMOND- 

ANIMAL  ELECTEICITY  ;    Edited  by  H.  Bence  Jones,  M.D.,  F.R.S. 

With  Fifty  Engravings  on  Wood.    Foolscap  8vo.  cloth,  6's. 

DR.   REYNOLDS,  M.D.LOND, 

EPILEPSY :  ITS  SYMPTOMS,  TEEATMENT,  AND  EELATION 

TO  OTHER  CHRONIC  CONVULSIVE  DISEASES.    8yo.  cloth,  10s. 

THE  DIAGNOSIS  OF  DISEASES  OF  THE  BEAIN,  SPINAL 

CORD,  AND  THEIR  APPENDAGES.    Hvo.  cloth,  8s. 


8vo.  cloth,  IGs. 

 jo^ 


MR.    ROBERT    RAMSAY   AND    MR.  J.    OAKLEY  COLES. 

DEFOEMITIES    OF   THE   MOUTH,   CONGENITAL  AND 

ACCIDENTAL  :  Theii-  Mechanical  Treatment.    With  Illustrations.    8vo.  cloth,  5s. 
A,  DR.   F.   H.  RAMSBOTHAM.  K 

^  THE  PEINCIPLES  AND  PEACTICE  OF  OBSTETEIC  MEDI-  1 

CINE  AND  SURGERY.  Illustrated  with  One  Hundred  and  Twenty  Plates  on  Steel  Y 
and  Wood;  forming  one  thick  handsome  volume.    Fifth  Edition.    8vo.  cloth,  22s.  » 


DR.    READE,    M.B.T.C.D.,  L.R.C.S.I. 

i   SYPHILITIC  AFFECTIONS  OF  THE  NEEYOUS  SYSTEM,  i\ 

AND  A_  CASE  OF   SYMMETRICAL  MUSCULAR  ATROPHY  ;  with  other 
Contributions  to  the  Pathology  of  the  Spinal  Marrow.    Post  8vo.  cloth,  5s. 


DR.  B.  W.  RICHARDSON. 

ON  THE  CAUSE  OF  THE  COAGULATION  OF -THE  BLOOD.  1 

Being  the  Astlky  Cooper  Prize  Essay  for  1836'.     With  a  Practical  Appendix.  ^ 


^J<si^— &c  ■■  :  

^  MESSRS.  CHURCHILL  &  SONS'  PUBLTCATIONS.  31  ^ 

DR.   RITCHIE,  M.D. 

ON  OVAEIAN  PHYSIOLOGY  AND   PATHOLOGY.  With 

Engravings.    8vo.  cloth,  6s. 


DR.  WILLIAM    ROBERTS,    M.D.,  F.R.C.P. 

AN  ESSAY  ON  WASTING  PALSY;  being  a  Systematic  Treatise  on 
the  Disease  hitherto  described  as  ATROPHIE  MUSGULAIRE  PROGRESSIVE. 
With  Four  Plates.    8vo.  cloth,  5s. 

DR.  ROUTH. 

INFANT  FEEDING,  AND   ITS  INFLUENCE  ON  LIFE; 

Or,  the  Causes  and  Prevention  of  Infant  Mortality.  Second  Edition.  Fcap.  8vo.  cloth,  6s. 
DR.  W.    H.  ROBERTSON. 

THE  NATUKE  AND  TEEATMENT  OF  GOUT.  8yo.ciotb,io..6d 
A  TREATISE  ON  DIET  ANDEEGIMEN.  Fourtii Edition.  2 vols. 

I2s.  post  8vo.  cloth. 

DR.  ROWE. 

^   NEEVOUS    DISEASES,    LIYEE    AND    STOMACH  COM- 

)j  PLAINTS,  LOW  SPIRITS,  INDIGESTION,  GOUT,  ASTHMA,  AND  DIS-  K 
I  ORDERS  PRODUCED  BY  TROPICAL  CLIMATES.  With  Cases.  Sixteenth  ^ 
r         Edition.    Fcap.  8vo.  2s.  Qd.  ™  


DR.  ROYLE,  F.R.S.,  AND    DR.   HEADLAND,   M.D.  ^ 


A  MANUAL  OF  MATEEIA  MEDICA  AND  THEEAPEUTICS.  I 

With  numerous  Engravings  on  Wood.     Fifth  Edition.    Fcap.  8vo.  cloth,  12s.  Qd. 

DR.   RYAN,  M.D. 

INFANTICIDE:  its  law,  prevalence,  prevention,  and 

HISTORY,    8to.  cloth,  5s.  

ST.    BARTHOLOMEW'S  HOSPITAL. 

A  DESCEIPTIYE   CATALOGUE   OF   THE  ANATOMICAL 

MUSEUM.    Vol.  L  (1846),  Vol.  II.  (1851),  Vol.  III.  (1862),  8vo.  cloth,  5s.  each, 

ST.  GEOEGE'S  HOSPITALJREPOETS.  Vols,  l  to  m.  ^yo.is.Qd. 

MR.    T.    P.    SALT,  BIRMINGHAIVl. 

ON  DEFOEMITIES  AND  DEBILITIES  OF  THE  LOWEE 

EXTREMITIES,  AND   THE   MECHANICAL   TREATMENT  EMPLOYED 
IN  THE  PROMOTION  OF  THEIR  CURE.    With  Plates.    8vo.  cloth,  15s. 

n. 

ON  EUPTUEE:  its  causes,  management,  and  cure, 

and  the  various  Mechanical  Contrivances  employed  for  its  Relief.    With  Engravings. 

Post  8vo.  cloth,  3s.  .  ~~ 

DR.  SALTER,  F.R.S. 

;    ASTHMA.   Second  Edition.    8vo.  cloth,  10s. 

)l  DR.   3ANKEY,  M.D.LOND. 

I  LECTUEES  ON  MENTAL  DISEASES.  8vo.  doth,  8s. 
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DR.  SANSOM,  M.D.LOND. 
I. 

CHLOROFOEM  :  its  action  and  administration,    a  Hand- 

book.    With  Engravings.    Crown  8vo.  cloth,  5s. 

THE  AEEEST  AND  PEEVeStION  OF  CHOLEEA;  being  a 

Guide  to  the  Antiseptic  Treatment.    Fcap.  8vo.  cloth,  2s.  6d. 

MR.  SAVORY. 

A  COMPENDIUM  OF  DOMESTIC  MEDICINE.  AND  COMPA- 
NION TO  THE  MEDICINE  CHEST  ;  intended  as  a  Source  of  Easy  Reference  for 
Clergymen,  and  for  Families  residing  at  a  Distance  from  Professional  Assistance. 

Seventh  Edition.    12mo.  cloth,  5s.  ~- — 

DR.  SCHACHT. 

THE  MICEOSCOPE,  AND  ITS  APPLICATION  TO  YEGETABLE 

ANATOMY  AND  PHYSIOLOGY.  Edited  by  Fbederick  Currey,  M.A,  Fcap. 
8vo.  cloth,  6s, 

DR.  SCORESBY-JACKSON,  M.D.,  F.R.S.E. 

MEDICAL  CLIMATOLOGY  ;  or,  a  Topographical  and  Meteorological 
Description  of  the  Localities  resorted  to  in  Winter  and  Summer  by  Invalids  of  various 
classes  both  at  Home  and  Abroad.    With  an  Isothermal  Chart.    Post  Bvo.  cloth,  12s. 

DR.  SEMPLE. 

ON  COUGH  :  its  Causes,  Varieties,  and  Treatment.  With  some  practical 
Remarks  on  the  Use  of  the  Stethoscope  as  an  aid  to  Diagnosis.    Post  8vo.  cloth,  4s.  Qd. 


DR.  SEYMOUR. 

ILLUSTRATIONS  OF  SOME OF  THE  PEINCIPAL  DIS- 

EASES  OF  THE  OVARIA:  their  Symptoms  and  Treatment;  to  which  are  prefixed 
Observations  on  the  Structure  and  Functions  of  those  parts  in  the  Human  Being  and  in 
Animals.    On  India  paper.    Folio,  16s. 

THE  NATUEE  AND  TEEATMENT  OF  DEOPSY ;  considered 

especially  in  reference  to  the  Diseases  of  the  Internal  Organs  of  the  Body,  which  most 

commonly  produce  it.    8vo.  5s.   „^ 

DR.    SHAPTER,   M.D.,  F.R.C.P. 

THE  CLIMATE  OF  THE  SOUTH  OF  DEYON,  AND  ITS 

INFLUENCE  UPON  HEALTH.    Second  Edition,  with  Maps.   Bvo.  cloth,  10s.  6rf. 

MR.   SHAW,  M.R.C.S. 

THE  MEDICAL  EEMEMBRANCEE ;  OR,  BOOK  OF  EMEE- 

GENCIES.  Fifth  Edition.  Edited,  with  Additions,by  Jonathan IIutciiinson,F.R.G.S. 

.32mo.  cloth,  2s.  Qd.  — '  

DR.  SHEA,   M.D.,  S.A. 

A  MANUAL  OF  ANIMAL  PHYSIOLOGY.  With  an  Appendix  of 

Questions  for  the  B.A.  London  and  other  Examinations.    With  Engravings.  Foolscap 

8vo.  cloth,  5s.  6c/.  ~~  

DR.  SHRIMPTON. 

CHOLEEA :  ITS  SEAT,  NATUEE,  AND  TEEATMENT.  With 

Engravings.    8vo.  cloth,  4s.  M.   S 

MR.   U.  J.    KAY-SHUTTLEWORTM.  | 

FIEST  PEINCIPLES  OF  MODEEN  CHEMISTRY:  a  Manual  | 

of  Inorganic  Cliemistry,    Crown  Bvo.  cloth,  4s.  M, 
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 _  


MESSRS.  CHURCHILL  &  SONs'  PUBLICATIONS. 


33 


^   .. 

DR.  SIBSON,  F.R.S. 


MEDICAL  ANATOMY.    With  coloured"  Plates.    Imperial  folio.  Fasci- 
culi I.  to  VI.   5s.  each. 


DR.   E.    H.  SIEVEKINQ. 

ON  EPILEPSY  AND   EPILEPTIFOEM  SEIZURES:  their 

Causes,  Pathology,  and  Treatment.    Second  Edition.    Post  8vo.  cloth,  10s.  6d. 


DR.  SIMMS. 

A  WINTER  IN  PAEIS  l  being  a  few  Experiences  and  Observations 

of  French  Medical  and  Sanitary  Matters.    Fcap.  8vo.  cloth,  4s. 

MR.     SINCLAIR    AND    DR.  JOHNSTON. 

PEAGTICAL  MIDWIFERY:  Comprising  an  Account  of  13,748  Deli- 
veries,  which  occurred  in  the  Dublin  Lying-in  Hospital,  during  a  period  of  Seven  Years. 
8vo.  cloth,  10s.   ™^ 

DR.   SIORDET,    M.B.LOND.,  M.R.C.P. 

MENTONE  IN  ITS  MEDICAL  ASPECT.   Foolscap  8vo.  cloth,  2..  6d. 

MR.   ALFRED    SMEE,  F.R.S. 

GENERAL  DEBILITY  AND  DEFECTIYE  NUTRITION;  their  ^ 

Causes,  Consequences,  and  Treatment.    Second  Edition.    Fcap.  Bvo.  cloth,  3s.  6d. 

DR.  SMELLIE. 

OBSTETRIC  PLATES:  being  a  Selection  from  the  more  Important  and 

Practical  Illustrations  contained  in  the  Original  Work.    With  Anatomical  and  Practical 
Directions.    8vo.  cloth,  5s. 


MR.  HENRY  SMITH,  F.R.C.S. 

ON  STRICTURE  OF  THE  URETHRA.  Svo.  doth,  7..  6d. 
HEMORRHOIDS  AND  PROLAPSUS  OF  THE  RECTUM; 

Their  Pathology  and  Treatment,  with  especial  reference  to  the  use  of  Nitric  Acid.  Third 
Edition.  Fcap.  8vo.  cloth,  3s.  jjj 

THE  SURGERY  OF  THE  RECTUM.    Lettsomian  Lectures.  Second 
Edition.    Fcap.  8vo.  3s.  6d. 


DR.  J.  SMITH,  M.D.,  F.R.O.S.EDIN. 

HANDBOOK  OF  DENTAL  ANATOMY  AND  SURGERY,  FOR 

-THE  USE  OF  STUDENTS  AND  PRACTITIONERS.    Fcap.  8vo.  cloth,  3s.  6d. 

DR.  W.  TYLER  SMITH. 

A  MANUAL  OF  OBSTETRICS.  THEORETICAL  AND  PRAC- 

TICAL.    Illustrated  with  186  Engravings.    Fcap.  8vo.  cloth,  12s.  6d. 

DR.  SNOW. 

ON  CHLOROFORM  AND  OTHER  ANAESTHETICS :  their 

ACTION  AND  ADMINISTRATION.  Edited,  with  a  Memoir  of  the  Author,  by 
Benjamin  W.  Richardson,  M.D.    8vo.  cloth,  10s.  Gd. 


MR.  J.   VOSE    SOLOMON,  F.R.O.S. 

I  TENSION  OF  THE  EYEBALL;  GLAUCOMA:  some  Account  of 

r         the  Operations'practised  in  the  lOtli  Century.    8vo.  cloth,  is. 
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DR.  STANHOPE   TEMPUEMAN  SPEER. 

PATHOLOGICAL  CHEMISTRY,  IN  ITS  APPLICATION  TO 

THE  PRACTICE  OF  MEDICINE.  Translated  from  the  French  of  MM.  Becqceeel 
and  RoDiEK.   8vo.  cloth,  reduced  to  8s. 

MR.  J.  K.  SPENDER,  M.B.LOND. 

A  MANUAL  OP  THE  PATHOLOGY  AND  TREATMENT 

OF  ULCERS  AND  CUTANEOUS  DISEASES  OF  THE  LOWER  LIMBS. 
Bvo.  cloth,  4s. 

MR.   BAUMANNO   SQUIRE,  M.B.LOND. 

CLINICAL  LECTURES  ON  SKIN  DISEASES,    niustrated  by 

Coloured  Photographs  from  Life.  Complete  in  36  Numbers,  price  Is.  6d.  each.  Nos. 
I. — XXX.  are  now  ready. 

A  MANUAL  OF  THE  DISEASES  OE  THE  SKIN.  lUustrated 

by  Coloured  Plates  of  the  Diseases,  and  by  Woodcuts  of  the  Parasites  of  the  Skin, 
Post  8vo.  cloth,  24s. 

MR.   PETER  SQUIRE. 

A   COMPANION   TO   THE  ''BRITISH  PHARMACOP.^IA. 

Sixth  Edition.    8vo.  cloth,  lOs.  6d.'  n. 

THE  PHARMACOPiEIAS  OF  THIRTEEN  OF  THE  LONDON 

HOSPITALS,  arranged  in  Groups  for  easy  Reference  and  Comparison,  18mo,  cloth, 
3s.  6d.   

DR.  STEGGALL. 

A  MEDICAL  MANUAL  FOE  APOTHECAUKS'  HALL  AND  OTHER  MEDICAL 

BOARDS,    Twelfth  Edition,  I2mo,  cloth,  10s, 

A  MANUAL  EOR  THE  COLLEGE  OE  SURGEONS ;  intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.    Second  Edition,    12mo,  cloth,  lOs, 

III. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex- 
amination AT  THE  PHARMACEUTICAL  SOCIETY.     Third  Edition, 

I8mo,  cloth,  3s.  6d.   

MR.   STOWE,  M.R.C.S. 

A  TOXICOLOGICAL  CHART,  exhibiting  at  one  view  the  Symptoms, 
Treatment,  and  Mode  of  Detecting  the  various  Poisons,  Mineral,  Vegetable,  and  Animal. 
To  which  are  added,  concise  Directions  for  the  Treatment  of  Suspended  Animation, 
Twelfth  Edition,  revised.    On  Sheet,  2s.;  mounted  on  Roller,  5s. 


MR.   FRANCIS    SUTTON,  F.U.a.  tttoto 

A  SYSTEMATIC  HANDBOOK  OF  YOLmiETRIC  ANALYSIS ; 

or,  the  Quantitative  Estimation  of  Chemical  Substances  by  Measure,  With  Engravings. 
Post  8vo.  cloth,  7s.  6d.   

DR.   SWAYNE.  ^-^-„,xmn 

OBSTETRIC  APHORISMS  FOR  THE  USE  OF  STUDENTS 

COMMENCING  MIDWIFERY  PRACTICE.   With  Engravings  on  Wood.  Fourth 


Edition.    Fcap.  8vo.  cloth,  3s.  6d. 
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MR.  TAMPLIN,  F.R.C.S.E. 

LATEEAL  CUEYATUEE  OF  THE  SPINE:  its  Causes,  Nature,  and 

Treatment.    8vo.  cloth,  4s.   

SIR   ALEXANDER   TAYLOR,    M.D.,  F.R.S.E. 

THE  CLIMATE  OF  PAU;  with  a  Description  of  the  Watering  Places 
of  the  Pyrenees,  and  of  the  Virtues  of  their  respective  Mineral  Sources  in  Disease.  Third 
Edition.    Post  8vo.  cloth,  7s. 

DR.  ALFRED    S.   TAYLOR,  F.R.S. 

THE  PEINGIPLES  AND  PEACTIGE  OF  MEDICAL  JUEIS- 

PRUDENCE.    With  176  Wood  Engravings.    8vo.  cloth,  28s. 

A  MANUAL  OF  MEDICAL  JUEISPEUDENCE.  Eighth  Edition. 

With  Engravings.    Fcap.  8vo.  cloth,  12s.  6d. 

III. 

ON  POISONS,  in  relation  to  MEDICAL  JUEISPEUDENCE  AND 
MEDICINE.    Second  Edition.    Fcap.  8vo.  cloth,  Ifis.  6d. 


MR.  TEALE. 

ON  AMPUTATION  BY  A  LONG  AND  A  SHOET  EECTAN- 

GULAR  FLAP.    With  Engravings  on  Wood,   8vo.  cloth,  5s. 


DR.  THEOPHILUS  THOMPSON,  F.R.S. 

CLINICAL  LECTUEES  ON  PULMONAEY  CONSUMPTION; 

■with  additional  Chapters  by  E.  Symes  Thompson,  M.D.  With  Plates,  8vo.  cloth,  7s.  6d. 

DR.  THOMAS. 

THE  MODEEN  PEACTICE  OF  PHYSIC;  exhibiting  the  Symp- 

toms,  Causes,  Morbid  Appearances,  and  Treatment  of  the  Diseases  of  all  Climates. 
Eleventh  Edition,    Revised  by  Algeknon  Frampton,  M.D,   2  vols,  8vo.  cloth,  28s. 

SIR  HENRY  THOMPSON,  F.R  C.S, 

STEICTUEE  OF  THE  UEETHRA;  its  Pathology  and  Treatment. 

The  Jacksonian  Prize  Essay  for  1852.  With  Plates.    Second  Edition.   8vo,  cloth,  10s, 

THE  DISEASES  OF  THE  PEOSTATE;  theh- Pathology  and  Treat- 

ment.   With  Plates,    Third  Edition.   8vo,  cloth,  10s. 

III. 

PEACTICAL  LITHOTOMY  AND  LITHOTEITY;  or,Aninquuy 

into  the  beat  Modes  of  removing  Stone  from  the  Bladder,  With  numerous  Engravings, 
Bvo.  cloth,  9s. 

CLINICAL  LECTUEES  ON  DISEASES  OF  THE  UEINAEY 

ORGANS.    With  Engravings.    Crown  Bvo.  cloth,  5s. 


DR.  THUDICHUM. 

A  TEEATISE  ON  THE  PATHOLOGY  OF  THE  UEINE, 

Including  a  complete  Guide  to  its  Analysis.    With  Plates,  Bvo.  cloth,  14s, 

A  TEEATISE  ON   GALL   STONES:    their  Chemistry,  Pathology, 
and  Treatment.    With  Coloured  Phtes.    Bvo.  cloth,  10s. 
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DR.  TILT. 

ON  UTEEINE  AND  OYAEIAN  INFLAMMATION,  AND  ON 

THE  PHYSIOLOGY  AND  DISEASES  OF  MENSTRUATION.  Third  Edition. 


8vo.  cloth,  12s. 


A  HANDBOOK  OE  UTEEINE  THEEAPEUTICS  AND  OE 

DISEASES    OF  WOMEN.     Third  Edition.     Post  8vo.  cloth,  10s. 


III. 


THE  CHANGE  OE  LIEE  IN  HEALTH  AND  DISEASE:  a 

Practical  Treatise  on  the  Nervous  and  other  AiFections  incidental  to  Women  at  the  Decline 
of  Life.    Second  Edition.    8vo.  cloth,  6s. 


DR.   GODWIN  TIMMS. 

CONSUMPTION  :  its  True  Nature  and  Successful  Treatment.  Re-issue, 
enlarged.    Crown  8vo,  cloth,  10s. 


DR.  ROBERT  B.  TODD,  F.R.S. 


CLINICAL  LECTHEES  ON  THE  PEACTICE  OE  MEDICINE. 

Neiv  Edition,  in  one  Volume,  Edited  by  Dr.  Beale,  8vo.  cloth,  18s. 

ON  CEETAIN  DISEASES  OE  THE  HEINAEY  OEGANS,  AND  | 

ON  DROPSIES.    Fcap.  Bvo.  cloth,  6s.  ^ 


MR.  TOMES,  F.R.S.  // 

A  MANUAL  OE  DENTAL  SUEGEEY.  With  208  Engi-avings  on  i 

Wood.    Fcap.  Bvo.  cloth,  12s.  6d.  % 
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